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ABSTRACT 
\ 

The replacement of the photographic spectrograph by 
the electronic direct reader has greatly improved the 
quality of elemental analysis by atomic emission 
spectroscopy. In making the change, two useful 
characteristics of the spectrograph were lost. These were 
the relative ease with which new analytical problems could 
be tackled, and direct information about the background 
against which the intensity of a spectral line was 
measured. Both of these losses were due to the 
replacement of a detector measuring a continuous spectral 
range by a series of discrete, single wavelength 
detectors. 

The photodiode array is a solid state imaging device, 
and when it is used as a detector as a replacement for the 
photomultiplier tube, it allows the measurement of a 
spectral window rather than just a single line. This 
restores the versatility and knowledge of the spectral 
background previously lost. 

The design, construction and testing of a direct 
reading instrument based on short segments of photodiode 
array are described. Detection limits for the array are 
shown to be approximately equivalent to those of the 


photomultiplier tube system. 
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A technique is developed for controlling, ‘and 
receiving data from several photodiode arrays with a 
single microcomputer. 

The new instrument demonstrates solutions to some of 
the background problems of the direct reader. Its 
versatility as an analytical tool is demonstrated by its 
rapid adjustment to solve an analytical problem. 

Finally, the problems associated with the new system 


are described and suggestions for their solution proposed. 
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CHAPTER I 
INTRODUCTION 


l. The Direct Reader 


The direct reader is a spectrometer for determining 
the concentrations of several elements by simultaneous, 
direct measurement of the intensities of their atomic 
emission spectra. 

The spectral intensities are measured electronically 
and converted to numerical values which are related to the 
elemental concentrations; all without the delay of further 
processing. This is in contrast to the spectrograph which 
requires the time-consuming processing of photographic 
film and subsequent skilled interpretation. 

The electronic recording of atomic emission 
intensities was forcast by Harrison in 1940 [1]. Early 
experiments were made by Duffendack in 1942 [2] who found 
that a Geiger counter could be made to respond to that 
part of the ultra violet region with wavelengths below 260 
nm. By 1945 Saunderson [3] was investigating arc spectra 


using eleven photomultiplier tubes. 


y satanic 


TT UT) 


tome Sap se 


i 
: : ae 
, : er. 
intiegdet 202. Sedemosatiece 1 1abhen Jostsh ea : 
/ ) : 


pQUESHetLiveIS Yo @rreanein is 2 76 aod ieggneieeg 


i 


ig 
ey Jin jag! Jo serti rns tn att To ail aihiladeal » | i508 


Fy 


et SUA, TR 


1 
soy oo Gerteler gau Apige doulavy Ieee 4) bepress 
vg y ¥ 
1e4v2 a” yatob ent sueticiw (18. (edetdesonesutos. any, 


deinw cygtpostosg). eg 8) dyettoag: at. al ah AT, onke 
‘ 


Ty\ 
+ 


MnP BoORsORG Ip Pilenweoyry Gi dmuasros<—s- is (end 
f ty 


mOLsegaigyeral Gel! ity tnodppadiue “Pei. mo, 


. -\. cae 
ASI RSI GCsIMO26 Tov onsoaoRos “dime Ioate gy. o 
yived: - TEL GOO nt aoeinget YA Jak os63 og nena ts " 


tnwor offw (4) SPO! ai doehiettu et otee tee atanml 


Je o2 hengegs 09 sham a) Wlyvo> seinveou wap deo fi i 


‘f 
GAS wel atl ar sorel aVew A + hey NOiGer talolv. o1ity att Ro eu) 


33 tat 
Sa2negs Gis pOlsays stove eee (E] -hodzeho yet £EPh ta, 


»uedog Tila tiumJsode newse cael 


The photomultiplier tube based direct reader, as 
illustrated by Figure 1, has become the standard 
instrument for the routine measurement of atomic spectral 
intensities. To do this, it had to show considerable 
advantages over the already established photography based 
spectrograph. These were:- 

i. The analytical results were available immediately. 
iil. The results were obtained by a less skilled 
Operator. 

iii. A higher rate of sample throughput. 

iV. “SuUpenLOG accuracy. 

Vv. Superionm precision. 

vi. Greatly increased linear dynamic range. 
The immediate availability of analytical results is very 
important to metal processors who require such information 
before making a casting [4]. The lower level of skill 
needed in the operator combined with the higher throughput 
of samples reduces the cost of analysis [4]. 

The superior accuracy, precision and linear dynamic 
range of the direct reader changed atomic emission 
spectroscopy from a qualitative, or at best a semi- 
quantitative, analytical method to a quantitative one. 

The accuracy improved from about 10% for the spectrograph, 
with the use of internal standards and a skilled operator, 


[5] to 1% [6]. Relative standard deviations improved from 
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Figure 1. The photomultiplier tube based direct reader. 


a few percent [7] (about 10%) to 1% or less. The linear 
dynamic range, with respect to intensity measurement, of 
the spectrograph is limited to one order of magnitude as 
the intensity of a spectral line is measured 
photographically. In contrast, the photomultiplier tube 
has a linear dynamic range of seven orders of magnitude so 
that the linearity of the direct reader is generally 
limited by that of the spectral emission source. 

The direct reader has three major disadvantages when 
compared to the spectrograph. These are due to the 
replacement of a detector covering a continuous spectral 
range by a series of discrete detectors. A photographic 
plate capable of recording 10,000 resolution elements is 
replaced by a series of exit slits backed by 
photomultiplier tubes capable of recording only 30 to 60 
resolution elements (one per tube). These disadvantages 
ares- 

i. Limited and restricted wavelength coverage. 
ii. Lack of versatility. 


iii. Limited background correction. 


2. The Versatility Problem 


With the spectrograph, detection of an additional 
element involved the selection and subsequent 


interpretation of a suitable spectral line within the 
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wavelength range of the instrument. With the direct 
reader it is much more difficult. 

The placing of the exit slits in the focal plane has 
to be very accurate as they are only 20-50 um wide and 
have to be centred on the analyte line. Addition of a 
detector for a new element without adverse effect on those 
already in place requires technical input from the 
instrument's manufacturer. The close packing of the exit 
slits is limited by the need for the slits to have 
boundaries and particularly by the absolute width of the 
photomultiplier tubes. Although a pair of closely spaced 
spectral lines can be separated by accurately positioned 
plane or prism shaped mirrors, close packing of the 
detectors is a limiting factor in the selection of 
spectral lines. The spectrograph is a general purpose 
instrument. The direct reader is almost always custom 
built. The user has to specify the elements to be 
analyzed for, or that are likely to be present in all 
matrices to be investigated, when ordering the 
instrument. The instrument supplier then must design the 
direct reader focal plane array to suit, taking into 
account his own limitations. 

In order to return partially to the concept of 
versatility, Marnie celreS have taken to fitting the focal 


plane with slits or slit holders for most of the elements 
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usually sought after, and supplying detection systems and 
detection system optics, such as mirrors and wavelength 
selection filters, for those elements specified by the 
customer. In order to give the user some versatility, at 
least one manufacturer has combined a monochromator with a 
direct reader. Part of the light generated by the 
Spectral source enters a scanning monochromator that can 
be preset to any particular wavelength by an operator 

[8]. The single photomultiplier tube of the monochromator 
is coupled to the direct reader electronics as an 


effective extra channel. 


32° The Background Correction Problem 


Another major disadvantage of direct readers is their 
lack of data on background radiation against which the 
strength of the emission line can be measured. 

The background radiation has two origins:- 

nS Stray. iigat. 


Li, Spectral interferences. 


Se ie “Stray eerone 
Stray light has been broadly defined as "The unwanted 


radiation that reaches the detector in unintended ways" 
[9]. It is caused by defects in the instrument which may 
be in the quality” of-the grtating ‘or’ inethe-rest ofthe 


instrument. 
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When a master grating is made on a ruling machine, 
the diamond cutting tip is advanced by a lead screw. 
Imperfections in the lead screw give periodic errors in 
the spacing of the grooves on the grating and these are 
reproduced in the replicate gratings. This causes the 
formation of secondary images, known as Rowland ghosts, 
that are spaced symmetrically about the parent line 
[10]. If the ruling is subjected to an external periodic 
vibration, the grating forms other secondary images called 
Lyman ghosts at a large distance away from the parent line 
Oe 

Light is scattered from the surface of the grating. 
Near scatter (below 5 nm from the parent line) is the 
effect of random disturbances of the ruling machine. Far 
scatter (more than 5 nm from the parent line [9]) is due 
to microscopic imperfections in the grooves or the grating 
blank. The diamond tipped cutter of the ruling machine 
may deform the edges of the grooves as it makes them, by 
pushing up the material displaced by the cutter, and this 
roughness adds to the far scatter [ll]. Some eeaeiage are 
now being made without the use of ruling machines by 
photographically recording the interference pattern 
obtained from two beams of monochromatic (laser) light 
[10]. Such holographically recorded gratings do not 
exhibit ghosts and consequently have much lower stray 


light levels than ruled gratings [9,10]. 
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Apart from the grating, there are other causes of 
stray light inside the direct reader light-proof box. 
Reflection of both primary (undiffracted) and diffracted 
light off the interior surfaces of the system can cause 
far scatter and general background stray light. Because 
they are directly in the path of the spectral line, the 
edges of exit slits and the photomultiplier tubes 
themselves can cause scatter [9]. 

Instrumental line broadening is caused by the finite 
width of the slits, optical misalignments and optical 
aberrations. This can cause overlap of closely spaced 


spectral lines [9]. 


BZ spectral interterences 


Spectral interferences are generated when light 
generated by a spectral source is processed by an ideal 
grating. There are two classes of spectral interference:- 
Ls Produced by the grating, where the interfering 

radiation will have a different wavelength to that of 

the analyte line. 

ii. Produced in the spectral souree so that the 
interfering radiation has the same wavelength as the 
analyte line. 

The grating produces multiple orders of spectral 
lines and these are routinely used by direct reader 


designers to help overcome detector spacing problems. 
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Wavelength selective transmission filters are used to 
differentiate between the various principal orders. The 
grating also forms secondary interference maxima of much 
lower intensity than the principal ones. These may become 
Significant in the future as instrumental defects are 
eliminated but at present they are of little significance 
b2). 

Spectral interferences produced in the spectral 
source are a much more serious problem as they have the 
Same wavelength as the analyte line but are generated by 
other species. The other species can be part of the 
carrier or excitation system of the source, or they may be 
concomitant species supplied by the analytical sample 
matrix. Carrier generated interferences are source 
dependent and may be of a molecular nature. For example, 
cyanogen bands may be generated by a DC arc source, Cy and 
CH bands by a flame source and nitric oxide bands by an 
inductively coupled argon plasma. Additionally, all 
systems where an aqueous solution of the sample is 
nebulized generate hydroxyl bands. } 

The atomic emission lines for the elements in the 
Carrier also occur in the spectrum, often with variable 
intensities. Examples are carbon lines in DC arc and 


argon lines with the ICP. 
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Concomitant generated interferences are of several 
kinds. These are direct line overlap, wing overlap, and, 
with the inductively coupled argon plasma source, 
recombination continua [13]. Direct line overlap occurs 
where a concomitant element has a spectral line too close 
to that of the analyte for the instrument to resolve. 

Wing overlap occurs when the concomitant and analyte lines 
can be resolved but the spectral profiles of the lines 
overlap sufficiently for the intensity of the analyte line 
to include some portion of that of the concomitant. 
Recombination continua are generated by the radiative 
recombination of certain metal ions with the high 
concentration of electrons in the argon plasma. Strong 
continua are formed by magnesium, calcium and aluminum 
that alter spectral base lines below 250, 302 and 220 nm 
respectively [12]. 

The major problem of concomitant generated 
interference is that the concomitant concentrations are, 
like those of the analyte elements, part of the unknown in 
the analyte sample. When concomitant species are in much 
higher concentration than the analyte, they can cause 
special problems. A spectral line of an element, present 
at a trace level, can suffer overlap from a minor spectral 
line of the concomitant that only becomes significant 


because of the great differences in the concentrations. 
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Large concentrations of strongly emitting concomitants are 
also the major sources of instrumental stray light. 

In summary, the light intensity detected for the 
analyte spectral line may not be proportional to the 
analyte concentration because it is measured against an 


unknown and variable radiative background. 


4. Current Background Correction Methods 


Current methods of correcting for background 
radiation can be described as either off-peak or on-peak 


methods. 


4.) Of f=peak Methods 
Off-peak methods are made by sampling the background 


on one or both sides of an analyte line, just outside the 
instrument band pass. 

For example, a direct reader with an exit slit 50 um 
wide and a reciprocal dispersion of 0.53 nm per mm would 
have a band pass of 0.0265 nm and the background would be 
sampled at line +0.034 nm [14]. The correction is made by 
altering the angle at which the incident light meets the 
grating, so that all of the detector channels are 
effectively shifted off all of the analyte lines by the 
same distance, and then taking a second set of intensity 


measurements. 
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One of two mechanisms is generally employed. In one, 
a quartz refractor plate located just behind the entrance 
slit of the direct reader is rotated to shift the 
effective position of the slit sideways with reference to 
the grating. This requires a high degree of precision in 
the control of the angle change and may change the level 
of light transmitted due to the change in reflectivity at 
the plate surface as it is turned [15]. The other method 
involves physically moving the entrance slit sideways. 
This again has to be carried out with precision and gives 
rise to the problem that the same portion of the plasma 
source is no longer being sampled. It has been shown by 
Blades and Homiioneien that the intensity profile of the 
spectral lines emitted from the plasma is laterally 
position dependant so the background measurements may be 
inaccurate. 

Off-peak correction requires an extra measurement at 
each detector. As these must be at different times, it 
requires that the source be a stable one such as an 
inductively coupled plasma using nebulized sample 
solutions. It corrects for continuum radiation and 
general stray light. The species causing the background 
need not be known. It cannot correct for spectral line 
overlap and is very vulnerable to the presence of an 
unanticipated line interference on any of the analyte 


channels. 
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ANZ On-peak Corrections 


On-peak corrections are mone complicated. Prior to 
the analysis, the response of all detector channels is 
obtained to a range of concentrations of the concomitant 
elements. All likely concomitants must be considered. 
Working curves are prepared for all channels in terms of 
apparent concentration of analyte against actual 
concomitant concentration. During the actual testing of 
the analytical sample, measurements of the concomitants 
are obtained on separate channels and the corrections 
calculated from the working curves and subtracted from the 
analyte values. However, in order to do this, the 
interfering concomitant must have its own channel on the 
direct reader. That is to say that it had to be 
considered at the time the instrument was ordered. This 
is the reason for specifying all the analytical matrices 
to be tested when the focal plane array is being designed. 

Provided that all of the concomitants are determined, 
Oon-peak correction is more accurate than the off-peak 
method... -Lt is the Only way to cofrect for direct spectral 
overlap. It requires that the position of all the exit 
slits be stabilized with respect to the diffraction 
Gracing and. the» entrance slit.” This” requires’ that ‘the 
temperature of the instrument be thermostatically 


controlled. 
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The background correction problem was forseen while 
the instrument was in the early stages of development. 
Hasler and Dieter forecast the problem in 1944 and 
Saunderson [3] attempted background measurements in 1945 
by uSing a wire to divide the exit slit into two parts, 
and diverting the background for measurement. 

The off-peak correction method requires two or three 
sets of measurements for each analysis. An alternative is 
to scan across each analyte line to get a profile of the 
line and its background in the same manner as the 
densitometer readout of a spectrograph photographic 
plate. Brehm and Fassel [17] used such a scanning 
technique in 1953 because of problems in locating spectral 
lines especially when the temperature of the instrument 
changed. A similar approach has led to the development of 
a possible rival to the direct reader, the slew-scanning 
monochromator. Here a Single exit slit and photo- 
multiplier tube is used and spectral lines are detected 
sequentially rather than simultaneously. The grating of a 
monochromator is quickly turned sq, that the detector 
Pecelvec cach rine in turn [18]. inetrotation. of “the 
grating is fast (slew) from one line to the next and then 
elow as) the profile of the line“1is scanned. It then slews 
forthe next Line and,so on. ihe system depends. on 


accurate and fast control of the grating rotation during 
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both slew and scan processes. Because it acts 
sequentially, it requires a constant analyte signal such 
as that given by the inductively coupled argon plasma 
(ICP) using analyte solutions. It cannot handle transient 
Signals. 

A major research field in ICP spectrometry is the 
removal of the sample digestion and dilution step from the 
analytical procedure by direct sampling of solid 
analytes. Instead of the steady signal level obtained 
from a constant analyte solution flow, these methods give 
a quick intense burst of signal. All analyte spectral 
intensities must be measured simultaneously and this 
requires the direct reader used without the option of off- 
peak correction methods and certainly not the slew-scan 


system. 


5. An Alternative Approach 


In order to regain the versatility and knowledge of 
background levels possessed by the spectrograph the 
photographic plate must be replaced by a spatially 
continuous detector, such as an electronic imaging device, 
not by a series of discrete single measurement detectors. 

Electronic image detectors are available configured 
in either one or two dimensions. The use of a single 


grating as a spectral dispersion device suggests the use 
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of a one dimensional imaging device such as the linear 
photodiode array. Two dimensional devices such as the 
Vidicon are more ee ae for the echelle spectrometer, 
where a coarsely ruled, blazed grating generates high 
orders of spectra that are then order sorted by a crossed 
prism to a two dimensional image pattern. Such a system 
has been built by Wood [19]. 

Vidicons are read out using an electron beam directed 
by scanning electric field coils and are subject to lag 
and bloom. Lag involves the carryover of signal from one 
readout scan to the next due to incomplete recharging of 
the sensor during readout [20,21]. Bloom involves the 
transfer of a very intense signal over adjacent channels 
due to the overspill of photon generated charge [22]. 

On the other hand, linear photodiode arrays utilize 
solid state switching readout. Because they are fully 
recharged in less than 1 us, they do not exhibit lag 
[23]. Blooming is also less of a problem. It is 
suggested by Talmi and Simpson [23] that charge spillover 
with diode arrays is a gradual process, proceeding one 
diode at a time. 

The self scanning linear photodiode arrays have been 
used for spectrochemical measurements for several years 
[24]. Some of the early applications were in astronomy 


where they were applied to low light level 
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spectrophotometry [25]. All of these applications have 
involved one (or at the most two) [26] photodiode arrays 
located in permanent Fixtieeek Diode arrays are 
relatively small, flat devices. The largest array of the 
"S" series designed for spectroscopy has 1024 diodes 
covering a sensor length of 25.6 mm. Consequently a 
Single array cannot cover much of the focal plane of a 
direct reader which may be 1m in length. Even if much 
longer arrays were available, they would have to be curved 
to conform to the shape of the focal plane of the direct 
reader. Several small, moveable arrays must be used 
instead. 

The concept of such an instrument, illustrated by 
Figure 2, is given below. 

A normal direct reader optical system is used in 
which light from an external spectral source passes 
through a single entrance slit and illuminates a single 
concave, reflecting, diffraction grating. This grating 
both wavelength disperses and refocusses the light into a 
series of wavelength separated images of the entrance slit 
that are focussed on a curved focal plane. Ina 
traditional direct reader, these images would be 
individually selected by a series of exit slits and the 
light from each transferred by simple secondary optics to 


the photomultiplier tube detector. In the conceived 
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Printer/Display 


Figure 2. A diode array based direct reader. 
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system, the secondary optics are discarded and short 
photodiode arrays placed directly in the focal plane. The 
diode arrays are positioned along the focal plane so that 
each one detects a spectral window which includes atomic 
emission of one, or more than one element. The arrays are 
mounted with the longest dimension of the diodes (height) 
parallel to the entrance slit images and each individual 
diode samples a different wavelength. The whole array 
thus gives spectral intensities over a wavelength window 
including the analyte signal and the neighbouring 
background. 

Each diode array is individually controlled and its 
data output individually processed. In order to achieve 
versatility the diode arrays are capable of being moved 
anywhere on the direct reader focal plane subject to the 
restriction of their size and that of their immediate 
FLEE INGSs 

The instrument can be adjusted to new applications 
quickly because the window of the photodiode arrays makes 
spectral line location fast and easy. Backgrounds can be 
measured directly in the same analytical determination as 
the analyte signals. Signals from different photodiode 
arrays can be interrelated to correct for direct spectral 
overlap. Once the arrays have been positioned, there are 
no moving parts to consider. Transient signals are 


measured as easily as steady signals. 
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This project covers the design and construction of 
such a system and its evaluation as a direct reading 


Spectrometer. 
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CHAPTER II 
THES BASIC COMPONENTS OF AN EXPERIMENTAL DIRECT READER 


A direct reading spectrometer has the following basic 


parts. 
0 A source of spectral information. 
ane A system for dispersing light according to its 


wavelength. 
3 A series of light detectors and transducers. 


4. A data handling system. 


4 ee Ene {S0urce (Obs pecturar Information 


The main spectral source was an Inductively Coupled 
Argon Plasma (ICP) as described in Appendix 1. Analyte 
sample was introduced into the plasma using a glass 
concentric (Meinhard) nebulizer. Because the ICP was not 
always available, or desirable, three other spectral 
sources were occasionally used. These were:- | 
ale A Metrologic, MC 650, helium-neon laser, giving an 

intense spectral line at 632.8 nm. 

ii. An Osram Spectralampe, cadmium discharge lamp. 


iii. Several atomic absorption-type hollow cathode lamps. 
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2. The Light Dispersion System 


The dispersion system was originally a Jarrel-Ash 
Company, Compact Atomcounter that had been designed prior 
to 1961. The original arc type spectral sources, the 
photomultiplier tube detectors and the measurement 
electronics were removed and discarded. The light-proof 
(dark) box was mounted on a steel frame so that the 
entrance slit was 51.5 cm above the floor. This was to 
make it compatible with available spectral sources that 
are mounted at that height. The following fittings are 
retained with the light-proof box:- 

iv. A 25 um wide by 1.8 cm high fixed entrance slit with 
a sliding shutter mounted in front of it and a 
quartz refractor plate mounted behind it. 

yas be A concave reflective diffraction grating 6.3 cm wide 
bye4andiocmabi ghwwitiearradius.OoLrecurvature, Of ..1.5m. 
The grating has 1,180 grooves per mm and is blazed 
forn360 nm: 

iii. The exit slit mounting rack in the approximate 
position of the focal plane of the direct reader and 
the photomultiplier tube mounting racks (Photographs 
ivande2)omthe exit slit .mounting”™ rack hasiva metric, 
steel measuring tape attached as a positioning 


guide. 
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Photographs MW Ana. 


The focal plane area of the direct 
reader. 
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The configuration is known as the Paschen-Runge mount 
and is based on the Rowland circle principle (Figures 1 
an 20 pel OS .USeES: “a concave reflective diffraction 
grating with a radius of curvature equal to the diameter 
of the Rowland circle. Thus the distance from the grating 
to the spectral focal plane opposite the grating is 1.5 
m. Light from a point source on the circumference of the 
Rowland circle is dispersed and re-focussed by the concave 
grating to images along the circumference of the same 
erucle ti27,201. [Lt As.a<simple optical system as it does 
not require any optical devices within the instrument 
other than the single concave reflective grating. This 
allows full freedom in the placing of detectors. 


The reciprocal dispersion is given by:- 


gn eeccs? 
dl nr 
where:- oe = rate of change of light wavelength with 
change in position around the Rowland circle 
a = grating ruling interval 
n = spectral order 
Geeiradius of curvature. of "the grating 
B = angle of dispersion of a particular 


wavelength of light. 
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Hence our instrument has a reciprocal dispersion of 
0.565 nm per mm directly Opposite the grating and 0.540 nm 
per mm at an angle of Hvepereton Of OS che wind Geore.the 
useful arc of the instrument). The spectral range in 
first order is from 200 nm to 760 nm based on the geometry 


Oi Lhe A lgnt=proce “box. 


Se The Light Derector “and Transducer 
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The Reticon "S" series self-scanning photodiode 
arrays provide individual sensor elements every 25 um. 
When this is coupled with the dispersive system, the 
spectrum is sampled at 0.0135 nm to 0.0141 nm intervals. 
This is less than the width of the image of the entrance 
slit at the focal plane of the dispersive system. The "S" 
series arrays were specially developed for spectroscopic 
work having an aspect-ratio of 10022 (2.5 mm high by 25 um 
Spacing) so that they can sample large portions of the 
slit images in a spectrometer. Previous types oe 
photodiode arrays were limited to a detector height of 0.6 
mmo. 29). 

Six 128 element arrays were obtained (RL128S). These 
were 2.72 cm long with a sensor width of 3.2 mm and were 
mounted as a standard 22 pin integrated circuit. Six 
evaluation circuits #RC1024S-1 were obtained to drive and 


handle the outputs for each array. 
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3.2, Mode of Operation 


The diodes consist of bars of diffused p-type silicon 
semiconductor set ‘iy an n-type Silicon substrate [30]. 

The whole detector is photosensitive. Light falling on a 
p-type semiconductor bar generates hole-electron pairs 
that directly affect. the charge on that p-type bar. Light 
falling on the n-type semiconductor generates hole- 
electron pairs whose effect is shared by the adjacent p- 
type bars. The nearer p-type bar takes the larger portion 
(see Figure 3). 

The diodes are operated in a storage mode. The p-n 
junctions are reverse biased, that is to say, the n-type 
substrate is held at a higher voltage than the p-type 
bars. In this mode the junction acts as a capacitor. 
During the reset procedure the p-type bars are grounded so 
that the capacitor becomes fully charged. The p-type bars 
are then isolated from ground for a period of time called 
the integration time. 

Over this time period, the charge on the capacitor 
will be reduced by the reverse current flowing in the 
photodiode. This reverse current is due to both the 
photo-electrically generated current and to dark fixed 
pattern Signal. sAt the end of the integration time, the 
p-type bars are connected to a previously grounded video 


tine. The charge on the p-type bars divides between the 
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Figure 3. Sensor geometry and response function of a 


photodiode array [30]. 
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diode and the video line and the resulting change in the 
video line voltage is detected. As the n-type substrate 
1s) Still held at the bias voltage (+5 Volts) the readout 
Operation also recharges the capacitor for the next 
integration. 

The full charge’on the capacitance is 14 pC. = When 
this has been fully discharged either by light or by the 


dark fixed pattern, the diode is termed saturated. 


SS spectral Response Of ithe Array 


The quantum efficiency of the photodiode in terms of 
hole-electron pairs generated per photon received is 
wavelength dependent with a maximum of 80% at 650 nm 
[30]. A plot of responsivity against wavelength is shown 
in Figure 4. Responsivity is the ratio of the charge lost 
at saturation to the saturation light exposure and has a 
maximum of 2.8 x 1074 coulombs per joule per cm? at 750 
nm. It decreases rapidly towards both the ultra-violet 
and the near infrared. The quantum efficiency curve would 
appear higher than the responsivity curve at lower 
wavelengths due to the higher energy of the lower 
wavelength photons. Recently data has been published [23] 
to show that the quantum efficiency decreases to a minimum 
of 35% at approximately 270 nm and then increases to a new 


maximum of 57% at 200 nm. 
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3.4 Readout 

An equivalent circuit for the array switching system 
is given in Figure 5 [30]. Each cell consists of a 
photodiode and a dummy diode. Certain switching 
transients are capacitively coupled into the video 
lines. These same transients are introduced into the 
video lines of the dummy diodes and are eliminated by 
differential processing of the active and dummy video 
Signals. 

Scanning of the array during readout is controlled by 
two independent shift registers, one to address the odd 
numbered diodes and the other the even ones. Each shift 
register is driven by two phase clocks and scanning is 
initiated by a start pulse at the end of the integration 
time. The start pulse and the clock pulses are not 
generated on the diode array but are supplied and 
controlled by auxiliary devices. The use of separate 
Switching and signal handling systems for odd and even 
diodes is a potential source of variability in the readout 


signal processing that has to be carefully controlled. 


3.5 The Dark Fixed Pattern Signal 


Dark fixed pattern signal decreases the charge on the 
diode capacitance and has two origins [3l]: (i) the 
integrated dark current due to the thermal generation of 


hole-electron pairs and (ii) cross coupling between the 
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video Signal lines and the clock lines. 


(i) In bulk silicon the density of thermally induced 


hole-electron pairs is given by [25] 
np = 3.88 x 1016 73/2 exp(-7015/T) per cm? 


where T is the absolute temperature (K). The T3/2 term 
covers the change with temperature of the density of 
allowable electron states in the conductance band of the 
semiconductor. It has little effect on the temperature 
dependency of the hole-electron pair production unless the 
array iS operated at temperatures below -60°C [26]. 

At temperatures close to ambient, the exponential 
term is very significant. In practical terms, the dark 
current is halved for aJ/°C drop in the’ operating 
temperature of the array. This is shown in Figure 6 [30]. 

In changing from photomultiplier tubes to photodiode 
arrays, the major loss is the approximately 10© times 
Signal daingory tne former. Tospartraliy compensate for 
this, the integration times of the photodiode arrays must 
be extended. In order to allow this, the signal due to 
the integrated dark current has to be reduced by cooling 


to prevent it from prematurely saturating the array. 


(ii) The cross-coupling between the video signal and 


the various clock signal lines to the array is quoted in 
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Figure 6. The temperature dependence of dark current [30]. 
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the literature [23] as being of the order of 1% of the 
full-scale range of the diode array. Due to the physical 
restrictions placed on our system, this cross-coupling 


became a major factor that had to be controlled. 


3.6 The RCIO2Z4S Printed *Circuit Drive Board 

The photodiode array is driven and its output 
processed by this circuit board which supplies the array 
with the following functions:- 

i. Regulation and control of input drive voltages. 

ilo i An oscillator driven time base for the generation 
of all clock signals required for readout of the 
array and subsequent Signal processing. 

ait, An extension of the same time base through logic 
counters to generate the start pulse for readout 
after the integration time has elapsed. 

Lv Synchronization of clock (signal edges. 

Vv. Conversion of the TTL based clocking Signals to MOS 
levels to drive the array shift registers. 

EUS Differential readout for active and dummy diodes 
for both odd and even sets of diodes. 

Wasi. Further signal processing including combining the 
odd and even readout Signals into a single chain of 
output Signals. 

Wibie “cupply and control of a.DC restorative level 


against which all signal outputs are measured. 
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3.7 The Diode Array Mounting Carriage 
The physical size of the RC1024S board (24 cm wide by 


12 cm high) does ee allow it to be considered as a direct 
carrier for the diode array in the focal plane of the 
direct reader. A carriage was built to carry the diode 
array in the focal plane. This clamps to the mounting 
rack that previously carried the exit slits (Photographs 1 
and 2) where it can be moved to any position (see Figure 
(ake 

The array position on the carriage can be adjusted to 
and from the centre of the Rowland circle for focussing 
purposes and vertically to allow the array to be 
positioned for receipt of maximum spectral line 
intensity. It has rotational adjustment about an axis 
along the normal to the Rowland circle to align the diodes 
with the images of the entrance slit in the direct reader 
focal plane. The whole carriage is kept aligned so that 
the array is tangential to the Rowland circle, by two 
steel pinsethat are held™in“contace with the edge of the 
mounting rack. 

In addition to the array, the carriage carries a 
cooling system that reduces the working temperature of the 
array and hence the dark current. 

The RC1024S circuit board is mounted close to the 


carriage, on a metal plate clamped to the racks that 
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Figure 7. The diode array carriage. 
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Originally were used to mount the photomultiplier tubes 
(Photographs 1 and 2). The array is connected 
electrically to the RC1024S drive board by a 22 wire 
ribbon cable, 37 cm long, soldered to a socket on the 
array Carriage dnditp. a plug ithat fits! rntowthe=RC1024S 


board socket. 


3.8 Cooling Systems 


In order to reduce the dark current, the arrays are 
cooled using thermoelectric (Peltier effect) heat pumps. 


Two types of coolers have been used. 


(1) § One; twororSlorr=wirirature heatypumps;yFC0. 7-12- 
O5L, #MELGOR| Materials Blectronic Products ¥€ornp. , ylrenton, 
NJ) are packed behind the array, between the two rows of 
electrical conductors in the 22 pinisocket. ‘The cold 
sides of the heat pumps are in contact with a copper bar 
that contacts the back of the array. The hot sides of the 
pumps are cooled by a water cooled copper heat sink (see 
Figureti8).erEach of the miniature pumps 1s capable of 


transfering up to 1.56 watts. 


(ii) A heat transfer bar is placed behind the array 
and connected to a copper plate mounted above the array. 
The copper plate is cooled by two CP1.4-/1-06L Peltier 
effect heat pumps (MELCOR) which are themselves cooled by 


water cooled copper plates (see Figure 9). Each CP1.4-71- 
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Figure 8. Array cooler based on miniature, Peltier effect, 
heat pumps. 
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06L is capable of transferring 25 watts. These coolers 
can reach lower temperatures than the miniature pumps but 
they have to be eeeevenualy insulated to avoid water 
condensation and hence water saturation of the array 
socket. 

All heat transfer surfaces are coated with a thin 
film of heat transfer paste supplied with the heat pumps. 

A stream of low pressure (8-15 cm of water head) dry 
nitrogen is passed over the active portion of the cooled 
array to prevent the formation of an ice layer. The 
volume of nitrogen used is kept to a minimum by covering 
the array with a plastic mask that has a hole opposite the 
sensor portion of the array. These masks are made of 
black Delrin and partially shield the array against stray 


VEO. 


4. Data Handling Systems 


The following four data handling systems were used at 


various stages of this project:- 


1's A transient recorder previously designed and built 
ineourmlaboratory. (33). .‘Thisshaaecthne capability ser 
subtracting a recorded background from a signal. It 
could record a signal at a high sample rate (44 kHz) 


and later transfer that signal to an oscilloscope, 
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effectively converting it into a storage 


oscilloscope. 


The clocking rate of the recorder could then be 


reduced so that the data were fed out at a rate to 


match the pen response speed of a chart recorder. 


A PDP-8e minicomputer (Digital Electronics 
Corporation, Maynard, Mass.) fitted with a 
commercial’ 12 bit vanalog to digital converter... It 
was used at a sampling rate of 44 kHz. Like the 
transient recorder, it could subtract a recorded 
background from a signal and could support an 
oscilloscope and a chart recorder as outputs. It 
had the additional advantage of Supplying data 


values in a printed form. 


An AIM 65 single board microcomputer (Rockwell 
International Corporation, Anaheim, California) 
interfaced with an ADC 1131lJ (Analog Devices, 
Norwood, Mass.) high speed 14 bit analog to digital 
converter. This was run at a sampling rate of 10 


kHz. 


An Apple II+ microcomputer (Apple Computer Inc., 
Gupertino, cabifornia); interfaced with van ATl3, 12 
bit, 16 channel analog input system (Tnteractive 
Structures, Incorporated, Bala Cynwyd, 


Pennsylvania). 
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Both the AIM 65 and Apple based data processing 
systems were developed as part of this project and are 


described in more detail in Chapters IV and V. 
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CHAPTER “Itt 


PRELIMINARY EXPERIMENTATION 


The RC1024S printed circuit boards, as supplied, 
would not drive the photodiode arrays in a manner suitable 
for use in a direct reader. Considerable modifications 
had to be made. This chapter describes why the 


modifications were necessary and how they were made. 


Hy. Modification” of the “OscitiTator 


A photodiode does not have the high gain capability 
of a photomultiplier tube and its response has to be 
integrated over an extended time period in order to record 
low levels of light intensity. 

All timing signals on the RC1024S board derive from 
an oscillator which had a frequency adjustable from 150 
kHz to 1.5 MHz. The readout process at the end of the 
integration period is initiated by 4 start: pulse. The 
timing chain for the generation of the start pulses 
consisted of four 4 bit, presettable binary counters in 
series. This gave a maximum of 65,536 counts before 


overflow corresponding to an integration time of 0.437 s 
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when used to count a 150 kHz frequency. This was much too 
short for the direct reader. Additionally, during the 
readout process, diodes are sampled at every fourth cycle 
of the oscillator. This gave a minimum sampling rate of 
37.5 kHz which is too fast for some data acquisition 
systems. 

heroscii1iator (simade rom a Fairchild: 9602 dual, 
retriggerable monostable multivibrator (see Figure 10). 
One monostable (B) runs as a fixed width pulse generator 
to give an output pulse width of approximately 100 ns. 
The other monostable (A) is used to generate the major 
portion of the oscillator period and its pulse width is 
controlled by a variable resistance. 

The pulse width (time at high logic level) of the 


monostable is given by [34] 


a 1 
Tue 0, 30° CORRS Gla a 


where t, is in ns, R, in k® and Cy, ini pF. 

The pulse width range of the variable monostable (A), 
wheres Rii= Ro + Ry (variable) and C, = C,, was altered by 
changing the capacitor C, from 500 pF to 0. 0CS Veo Lhis 
changed the controllable frequency range of the oscillator 


to 16-260 kHz and the corresponding sampling rate to 4- 


G2 .% KHZ 


4 


eis Cet # gaueo of Gene 


7 ¥ ete y“orsupyrt 


a vitenetr ee DRA! apes seit etd 162 | 


wo +e Baal a wae bb , 209079 Oe 


orth m0 jeiiicao ods 8 


; ) | 
hah Swoe S02 386%. 007 &. (lp taiw aha &. 


by = > BE 


oe : 
Lae Si sy4 +0 SiR ps waget {oo sit 
we) tecat) Ste BS ee Ot aoe aldaisgy =e 
biw hott S) ae year 7) eidetgpaom| | 
A (iow. elegy fepiud 6 ain | 

yaw ek Pag , adh Romeo sch ot 
oe tit) i intgitlioaa sd tes 
PRPPRT Wt Sa): aye: ie hakbes 
vel -=) agnor Some Py ms ne Sere att 


7 wee vd woveg 24 dasa 


i iste 
J ee u A 
, ¥ 
ine ON wie ge, WB OF a2 Yd ayer 
" roy old do, Spee Aatiw eatog ott 
\ ) i 
: ' bia DPebgaeeee? «7 t Ke ght st verntw 
ve a ay tee 3 sge» add potphad 
intt umew al@eifestace ada bepnads Y 
= Mag 
: : 
" Med id) 168 bootwenrtd GRP bas shin oaf-al of 4 
Peed, | 2.80 a 
7 “a a 
4 
¥ es 
J on 
ad , i 
fd : ip a! 
yf ali deh ., ni 
; YAS i. 1 sean 
[a 7 ae ‘ _ 


45 


*ZORFETTIOsoO HbuTUTI suUL 


"OT eanbtg 


wae, Extension of the Integration Timer 


The oscillator modification suited the sampling rate 
but left the integration times still too short. This 
problem was corrected by increasing the timing chain from 
LOurs EO iSix 4—biti binary «counters. 

The last counter on the RC1024S board was removed and 
replaced by a DIP socket. Three more counters were 
mounted on a separate circuit board and connected to the 
RC1024S board by a plug-in ribbon connector (see Figure 
11). This board was mounted parallel to and behind the 
RC1024S board. The three remaining counters on the 
RC1024S were set to full count. The counters on the 
extension board were connected through a ribbon cable to 
twelve switches mounted outside the dark box of the direct 
reader. The value of a bit on the extra counters could be 
added into the count by grounding its input control line 
with the corresponding switch. When the bit was not 
required in the count it was held at logic high by 
connecting to the +5 V supply throtigh a 2.2 kf resistor. 

The six 4 bit counters gave a maximum of 16.78 x 10° 
counts before overflow and, coupled with an oscillator set 
to give a 40 kHz sampling rate, allowed for integration 


Fimes of up to: 105"s. 
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3. A Data Acquisition Control Signal 


A data acquisition system requires a control signal 
or trigger to initiate the collection and processing of a 
data value. The RC1024S board generates separate trains 
of sampling pulses for the odd and even series of diodes. 
At one point on the circuit board these are logically OR'd 
into one. This OR'd pulse train was picked up and 
connected to a spare edge connector tab on the circuit 
board. The widths of the pulses in this train were 
dependent on the frequency of the oscillator. This had to 
be changed so that the pulse width could be matched to the 
requirements of a subsequent data acquisition system. 

It was also necessary to delay the data acquisition 
pulse so that the signal could be acquired when the signal 
output from the individual diodes was steady. The RC1024S 
circuit uses a differential readout of active and dummy 
diodes to minimize switching transients as the diodes are 
coupled, in turn, into the video output line. This is not 
so effective when the diode array iS running remote from 
the RC1024S board and switching spikes appear in the array 
output signal. 

A high speed data acquisition system contains an 
analog to digital converter. During the conversion the 
analog signal is held constant by a sample and hold 


amplifier. When such an amplifier switches from tracking 
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the analog signal to hold, there is a small uncertainty in 
the time aperture during which the switching occurs. 
(Typically 0.5 to ns Oien a fast acting device [35].) 
For accurate sampling, it is important that the signal to 
be converted does not change significantly during the 
Switch to hold. Thus the analog signal from each diode 
must be sampled after the switching spike has passed. 

Additionally, the signal may be preamplified both to 
take advantage of the full input range of the analog to 
digital converter and to have high frequency noise removed 
with a low pass filter. The damping effect of an 
amplifier will act on any sharp transitions in the analog 
Signal (such as switching spikes) and further prolong 
their effect. For example, an array was sampled at 50 kHz 
or 20 us per diode. Of this 20 us, 5 us was taken by the 
switching spike and a further 400 ns taken by the decay 
from the spike. A simple times three amplifier based on 
two CA3140 operational amplifiers caused the decay time 
from the spike to increase to 2 us giving a total of 7 us 
of disturbance in the 20 us signal. 

The data acquisition pulses were both delayed and 
their active widths made independent of the oscillator by 
the circuit,, given in Figure 12, based on two 74121 
monostable devices. The output of the delay monostable 


(A) goes to logic high on receipt of a negative transition 
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from the RC1024S board. Its pulse width is controlled by 
the value of the timing capacitor (400 pF) and the 
Switched-in timing resistors. 


At the end of the controlled pulse width, the output 


goes low and triggers the start of the high level pulse on 


the pulse width control monostable (B). The output of the 
second monostable is used to signal the data acquisition 
system. The circuit shown in Figure 12 delayed the pulse 
from 5 to 10 us and gave a pulse width of 400 ns. This 
version used a bank of fixed value resistors and a rotary 
Switch to get repeatable delays for test purposes. 
Subsequent versions of this circuit used miniature 
trimming resistors on both monostables to give fine 


control of both the delay and pulse widths. 


4. Signal Reduction Due to Extension 


With the photodiode array plugged directly into the 
RC1024S circuit board, the signal from a fully saturated 
diode was approximately 3 volts. When mounted on the 
carriage away from the board, the signal value was only 1 
volt. 

This was investigated and it was found that 
separating the diode array from the circuit board by very 
small distances affected the signal value. Spare sockets 


were interposed between the array and the board and it was 
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found that 8 sockets corresponding to a stand off distance 
of 4 cm reduced the signal by 20%. 

When using the extension, the ribbon cable, socket 
and plug are between the array and its first amplifier 
Stage (the differential amplifier). The readout mechanism 
for the photodiodes involves the sharing of charge between 
the diode and the video line. 28AWG ribbon cable has a 
Sapacitya per gine ‘of 17 .5e@pbgtor a i3si.cm. length;; well in 
excess of the 2 pF capacitance of each photodiode and the 
3 pF capacitance of the array video line. Consequently 
the input voltage at the first amplifier stage is much 
reduced and this reduction continues through all 
subsequent amplifier stages. 

Although the signal is: reduced, it is still at an 
acceptable level and can be readily processed through 
external operational amplifiers to suit a data acquisition 


system. 


oe Rapid. Saturation of the Photodiodes 


When a photodiode array was operated in extension, 
away from the board, it rapidly saturated with dark fixed 
pattern) signals this is illustrated®in Figure: 13)for? the 
room temperature measurement of the 632.8 nm output of a 
helium-neon laser (highly filtered). The background 


increased rapidly, especially on the left side of the 
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Figure 13. The rapid saturation of a diode array. 
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array where saturation started to occur at 1.6 s. The 
whole array would have been saturated by background in 3.2 
s. This did not occur when the array was plugged directly 
imctotne RE1024S circwit Doards 

A cooling system (Figure 8) based on 2 miniature 
Peltier effect heat pumps was fitted to the array in 
extension. With a sampling rate of 43.5 kHz and 0.9 s 
integration time the effect of the cooler on this 
background signal was found to be minimal. It dropped the 
background level about 2% on the left side of the array 
and about 20% on the right side of the array. Because the 
efficacy of the miniature Peltier coolers was in doubt, 
the more powerful cooling system (Figure 9) was used. 
Again the background dropped very little on the left side 
of the array and by only about 50% on the right side. As 
the temperature of the array was measured as -27°C, a drop 
of 47°C below the temperature of the room, it was obvious 


that the background was not thermal in origin. 


6. iInvestigqation®= o£ * the Background Effect 


The internal temperature of the diode array 
integrated circuit was estimated by taking the mean of the 
temperature measured by two thermocouples, one in front of 
the array, the other between the array and the cold bar of 


the cooler. The difference between these 2 measurements 
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was a maximum of 7°C at the extremes of the temperature 
ranges measured. The array temperature was varied over 
Ewe range, co (tO S40N hie 22) to 67°C )}yby, controlling the 
voltage applied to the heat pumps. Temperatures above 
ambient were obtained by reversing the voltage across the 
pumps and so driving them in reverse. The array output 
Signal was preamplified to give 10 volts at saturation. 

For each array temperature, the output signal was 
measured for the left and right sides of the array for 
several integration times. The natural logarithms of the 
values were plotted against temperature for 2 integration 
times (Figure 14). 

A similar plot developed from the formula for 


thermally induced hole-electron pairs [26] 


np = 3.88 (1016) 73/2 exp(-7015/T) per cm? 
ah 


would be almost linear but deviating towards the abscissa 
at lower temperatures. None of the curves on Figure 14 
corresponded to this. The nearest was for the right side 
of the array at the lower integration time. The curves 
were interpreted as follows. 

The background signal contained at least 2 
components. One was the temperature and time dependent 


result of the generation of hole-electron pairs. The 
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Figure 14. Variation of background signal with temperature 
for 2fintegration*times: 
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other was a time dependent but probably temperature 
independent background signal which was stronger on the 
left side of the array than on the right. 

Because it diminished across the array, the time 
dependent, temperature independent background must have 
been either a function of distance from some fixed spot in 
the array or a function of time during the readout process 
taking the start pulse as the time origin. 

The integration time was the product of the 
oscillator period and the count preset on the timing 
chain. 

The oscillator frequency was changed and the counter 
setting altered to compensate and maintain the same 
integration times. The effect of making such changes on 
the background level on the right side of the array at 
room temperature are shown in Table 1. This shows that 
there was some dependence of background on the sampling 
rate. This was further investigated by cooling the array 
to -27°C. At these relatively short integration times, 
the time integrated dark current at -27°C should be 
Insignificant so that background would) be due to the 
temperature independent effect (Table 2). 

Comparison of Table 2 with Table 1 shows that the 
background levels were reduced by reducing the thermal 


dark current and there was a direct relationship appearing 
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Table 1. Effect of changing sampling rate on background 


level at room temperature. 


Signal (Volts. 10 = Saturated) 
at integrations of 
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Table 2. Effect of changing sampling rate on background 


level at -27°C. 


Signal (Volts. 10 = Saturated) 
at integrations of 
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between sampling rate (or the oscillator frequency) and 
the background level. These results together with others 
are rearranged in Table 3. 

Thus the temperature independent background was 
linearly related to the number of oscillator periods in 


the integration time. 


de. RemMoVal of l&he Background Effect 


Phesoscitlator, sthrough the/tfirst.4 bit.counter of ithe 
counter chain and a read only memory (ROM) integrated 
circuit, sent 6 pulse trains continuously to the array. 

It was not known which of these pulse trains was 
responsible for the background problem but with the array 
in extension there was considerable crosstalk between the 
signals in the wires that make up the ribbon cable. For 
example, the start pulse line picked up a 0.35 V induced 
pulse every 16 oscillator pulses continuously over the 
full length of the integration time. 

Although the pulse trains were sent Eore Londen 
they were only utilized by the array during the readout 
process, after a start pulse had been generated. The 
reason that they were sent continuously is that the same 
oscillator drove both the readout mechanism of the array 


and the integration timer chain (see Figure 15). 
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Table 3. Relationship between background level and the 


number (of -samp¥e pulses per integration at -27°C. 


Signal (Volts) and Integration Times (s) 
and Sampling Pulse Counts 


16,384 32,768 655, 20 130.72 
Counts Counts Counts Counts 
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The alternative method of driving the array that 
solved the background problem is shown in Figure 16. The 
integration time is controlled by generating a start pulse 
eway from, the RCTO24S perecuit board. The oscillator is 
connected to the first timer stage, not directly, but 
through a logic gate. Although the oscillator runs 
continuously, it does not drive the system and hence send 
pulses to the array until the logic gate opens. The 
rising edge of the externally generated start pulse opens 
the gate and connects the oscillator to the timing chain 
and the array controls. The timing chain no longer 
controls the integration time but it is used to control 
the open time of the gate. 

The timing chain is preset to allow 132 sample pulses 
to be generated and then its overflow pulse triggers the 
gate control to close the gate, after readout has been 
completed, and so re-isolate the oscillator from the rest 
of the circuit. Thus, regardless of the length of the 
integration time, the array receives only those pulses 
necessary for proper readout and is* pulse free and 
consequently crosstalk free for the rest of the 
integration period. The timing sequence at the start of 
the readout cycle is shown in Figure 17. The externally 
generated start pulse goes high and opens the gate. At 


the same time it sends the output of a 7474 flip-flop on 


63 


att Gatw sab 1 pet tem ovisadteyls 
i porte ol meidoyg midorpaaed (ee? 
LT mn vid. bei Tos $aos “BE atid wal: | 
at? abypot otenedo BESO LI ond 7 
f Jden Fe a tom ly. Peers aay oF ed 
of b2gad etd. piaec ‘3 cf 93468 sipol x 
resege aed eves Je ene, aie slew 
tae, sipot eng tion yalue er i | 
40 LIND Yi too tase ets 35: ante'¢ 


iy ot, FPO) fOeg ott Pe sae ed bie 


wie pg liets off peoaines yore 8f 
7 | ae 
| at orb ged em apdronyesat ms wna: 
re | = 7 


u 


od att io. omn4 | 
itktod Jewel e Abe patel? a 
elie Mi ihn ss net bee ba taTeneR | Bd 
aw pe jae eo wet eeiio 6 ee 
ovied Phage Lame ‘eileitiiel a> de bee wbeas has 
s17 to Zeng age euht. .3ivedto. ei te 


v 
; ; ‘ie 


Won tov ae Seiwa ae? ‘yeni nolgsigetaa 
sete 2 Sun Aieeet aegorq x03 \ipeeesen 
feoy ait? 200 GODS AlS2a2019 ~Lineupedaos 

‘a. gece undid wet »~ho 160 noi dasgedat ; 
wolet! we rrtagny ia f2 alnyo Shit te eds 7 29 

ne, rg Oy ar lime ALT S ‘s basevenay i Ms 

oie 1 digi Bie stares t} omis oun oi} ary 


5 


64 


*woeq3sAs [Tor}UuOD AerzrTe pezeh sy JO werbetp oTRewseyos “*9T sanbty 


Yaw L 
TIVWNYA LX 
TOULNOO 

ALWS 


» 


ee eee 
AVWUYVY AGOIG }——, il 


NOT LVOIAIGOW 


LAGLNO TIWNOIS 


TOULNOOD UNV 


TNA RVORAWAEY.: [oN meen ee ONIWIL AVUUY 


YHWIL dTOAO 
ALNG WOLVITIOSO 


YOLVTILTOSO 


YdWIL LSaTa 


dSTINd ONISOTIO aLvoO 


ba 


PUTTS Tie eee * 
ce? A") -. SL q ' 


» 


i : -— 


, Niet PAH i 
Suga | 7 


: 


eR Se Jt) | - | sodas 


<a one. 


i 


65 


“ANODROm JO-7AeASs uA A0F wWersberp burt “7p eanbied 


Teubts Oepta 
ee SD ee 2 eee eS{TNq UuoTeIORJSSYy yYueTY, 
oe 2 Ce ae a ee esTnd buttdwues NaAg 

ee oS oe eS ee res a 28sTNnd Suttdues dado 


dota dttd 


ica | le eSTNd 74e3S pzeoquo Jo ynd3zNnoO 


3 Ciepd ats Sir ae ee Nd RE fe dao 26 


TpUGHUGESUGUSUORUAUOUNTUOUSNNOSEQUSURNNUOURUOEREUD XOABTTTOSO pIEOGuO paieD 
es—TNd #7eAYS TeUISRzXY 

FE ee Bes a RBS 

LULL 23ett 280 pzeoquo peaeoun 


- — * : WRAANTANNAAAAT nny it Ay joeuitiaad inscodn® tesepat . 
—_ te 7 , 

aa = ¥ es ce : 4 cal -p2 (anreer 
aa “nnnnnaninanainy TARY AMA. | WEL acess Seen lant at 


eetz SS ites 


a as Oh pec | 


gett grin 


Ee Ee a led en ee i i5 pasteles e598 Tagint: we. se Fn 


as 
—_ > 4 
‘ § 
a" = / aes — a oe 
4 a 
; / ye gh ll ee Se te = 
| 5 
<a f fens od ¢ — 
- f 
—- — yy, 


sei thea? aon 


the RC1024S board high (see Figure 18). The oscillator is 
now connected to the control system which starts to 
generate its trains of ning pulses. As soon as one of 
them, called $2 ODD, goes low for the first time, it 
clears the onboard 7474 flip-flop (Figure 18), sending its 
euGcout Vow. it is) thas hran to low transition, inverted 
and converted to MOS logic levels by the MH0026, that acts 
as the true start pulse for the array. At the same time 
the complementary output of the 7474 flip-flop goes high 
and clocks a second 7474 flip-flop which, in turn, cuts 
off the blank restorative signal. The blank restorative 
Signal is that signal that the board puts out when the 
array is not being read out. 

The photodiode signal values are then processed by 
the RC1024S circuit board under the control of the 
sampling pulses. During the time that the start pulse 
7474 flip-flop is high, two sampling pulses are 
generated. The software of the data handling system must 
be designed to ignore these first two pulses as they occur 
before the photodiode array readout has started. This is 
done by waiting for the negative edge of the flip-flop 
output to occur before taking data values. 

The timing sequence at the end of readout is shown in 
Figure 19. As the last diode (number 128) is read out, 


the array sends out an end of line signal. This is fed to 
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a shift register on the RC1024S board where it remains 
until the next even sample pulse is generated. This 
sample pulse clocks cheweni ee register and, now delayed, 
clears the 7474 flip-flop controlling the blank 
restorative level, thus restoring that level. This takes 
a further 2 sample pulses so at least 132 sample pulses 
have to be generated to read out the array. 

The external start pulse generator is shown in Figure 
20. It consisted of a 9602 dual monostable generating 
approximately a square wave at a frequency of 1 kHz. Four 
4 bit counters 74161 were used as a timing chain. The 
controlling inputs for the first counter were switched to 
grownd for (it tomhave sa fulieecount of 16. , The controlling 
inputs for the remaining 3 counters were held high by 
connecting them to the +5 V supply through 2.2k resistors, 
but they could be grounded through a ribbon cable using 
switches outside the dark box of the direct reader. The 
overflow pulse from the counter chain was inverted to give 
a pulse to enable the reloading of the counters and then 
reinverted to give the required start pulse. The 
oscillator was tuned slightly so that the external 
switches controlled the integration time over the range of 
15.6 ms to 64 s. 

The gate consists of a dual edge triggered D type 


flip-flop 7474 and a quad NAND gate 7400 (Figure 21). The 
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D and S inputs of both flip-flops are locked high. In 
this mode the output of each flip-flop goes high on the 
first rising edge received at the clock input, whether the 
rising edge is the leading or trailing edge of a pulse. 

The Osoutput vofetherfiirst flip-flop) is»sthe: gate 
control. It goes high and opens the gate when the flip- 
flop is clocked by the rising edge of the externally 
generated start pulse. When readout has been completed 
the overflow pulse from the RC1024S board clocks the 
second flip-flop sending its O output high and its 
complementary Q output low. This Q output clears the 
first flip-flop which closes the gate and then clears the 
second flip-flop. The device is now ready for the next 
Start pulse to occur. 

The gate control level from the first 7474 flip-flop 
and the output of the oscillator from the RC1024S board 
are inputs to a 2-input NAND gate. When the gate control 
level is high the output from the NAND gate is the 
inverted oscillator signal. This is reinverted using a 
Spare gate on the 7400 in the inverter mode. 

The start pulse generator, the gate and the data 
acquisition control signal modification circuits were all 
mounted on a board attached behind the RC1024S board. 

The alterations to the RC1024S board covered in this 


chapter are described in detail in Appendix 2. 
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Use of the gated oscillator method of running the 
array removed the temperature independent background 
problem. The integration time is now limited by the true 
dark current caused by the thermal generation of hole- 
electron pairs. This current did not saturate the 
photodiode array in 64 s (the limit of the integration 


timer system) at -2°C. 
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CHAPTER IV 
A SINGLE ARRAY SYSTEM AND THE AIM 65 MICROCOMPUTER 


A single array system was built as a precursor to the 
multiple array direct reader in order to gain experience 
with operating conditions, software design and data 
evaluation. 

It was based on the use of the gated oscillator and 
the externally generated start pulse method of running an 
array as described in Chapter III. A data acquisition 
system was assembled based on the Rockwell AIM 65 single 
board microcomputer and a high speed, successive 
approximation, analog-to-digital converter. The system 
was used to determine the operating characteristics of the 
array and its response as a quantitative 


spectrophotometric detector. 


i Fe inteniackng ihe: Anray ito thenComputer 


The whole detector, data collection system involved 


the following components:- 


1. The photodiode array. 


an The array carriage and its ribbon cable. 
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iii. The array drive board RC1024S. 

avi. The Supplementary circuits to generate the start 
pulse, gate the oscillator and modify the data 
acquisition control pulses. 

re An analog multiplexer and preamplifier. 

Vie An analog to digital converter complete with sample 
and hold amplifier. 


Vil. = The AIM 65 computer. 


The first four components have been described in previous 


chapters. 


it ire Analog Multiplexer and Preamplifier 


The circuit yfor Whis "is drawn? in Figure 22. 

The HI-508A (Harris Corporation) is an eight channel 
CMOS analog multiplexer. Although not required ina 
single channel system, it was included because it, or a 
similar device, would be needed in a multiple array 
system. It was used here, permanently switched to input 
channel number 1 by grounding the input control tines. 

The operational amplifiers used were TLO081 (Texas 
Instruments), a high slew rate, JFET-input type. The 


first operational amplifier acted as a second order low 


pass filter (40 dB fall off per decade) with an adjustable 


5 OB point in the 5-50\kHz: range. | tne design came 


straight from a manufacturers handbook [36]. It also 
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inverted the signal and acted as a summing amplifier to 
allow the incoming Signal to be offset by +1 volts. The 
low pass filter was included to exclude noise from 
exterior sources such as the inductively coupled plasma 
radiofrequency power supply. The second operational 
amplifier reinverted the signal and amplified it by 4.7 to 
15 times so that the array signal could be expanded to 
match the full range of the analog to digital converter. 
The high-low range switch was added to allow a divide by 3 
operation without disturbing the gain control settings on 


the amplifier. 


1.2— The Analog to Digital Converter 


Standard commercial devices were used. The converter 
was an ADC 1131J by Analog Devices, which gave a 14-bit 
conversion in 12 us. During the conversion the analog 
Signal was held constant by a sample and hold amplifier 
SHA 1144. Both components were mounted on a circuit board 
(AC 1580) from the same supplier. Jumpers were set on the 
AC ¥580 board to set the full rangemot the converter: to, 0- 
10 volts and to put the switching of the sample and hold 
device under the control of the STATUS output of the 
converter, The A/DC contained its own internal clock for 
control of the conversion. The timing diagram for the 


conversion is given in Figure 23. 
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The data sampling pulse developed from the sample 
pulses on the array drive board RC1024S is fed to the 
convert command ne of the A/DC. When this signal goes 
high the STATUS output of the A/DC is forced low to 
initiate the switching of the sample and hold amplifier 
Prom tKacking.-to «nold..)’Bhis trequires, 50..to.50.5ens to 
Switch the amplifier and a further 1 us for the decay of 
the switching transient. The sampling pulse then goes low 
and its negative edge initiates the start of the 
conversion. The sampling pulse must be set to a width of 
1.5 us using the 74121 monostable circuit described 
earlier (Figure 12) to allow sufficient time for the 
sample and hold amplifier to settle. During the 
conversion the A/DC sets the bits in order starting with 
the most significant. When the least Significant bit has 
been set, the STATUS output of the A/DC goes high, 
unlocking the sample and hold amplifier which then returns 
to tracking the analog signal. At the same time the 
STATUS output of the A/DC goes low and this negative edge 
is used to, trigger the microcomputem so that it records 
the digital values now latched at the output of the A/DC. 

During operation it was found that the sample and 
hold amplifier over-heated sufficiently to inhibit its 
fimedionrcandbit had nto becfitted<withwa ccoolingyEansto 


remove the generated heat. 
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feo & The ATM “65 Microcomputer 


This is a second generation single board 
microcomputer based on the 6502 microprocessor. It has 


several useful input/output (1/0) features which include: 


ne A typewriter style alpha-numeric keyboard. 
1 gs A 20 characters wide electronic alpha-numeric 
display. 


iii. A 20 characters wide thermal printer. 

ee A user I/O connector joined to a 6522 Versatile 
Interface Adapter (VIA). This has two 8 bit 
parallel I/O ports and 4 control lines. The user 
I/O connector also carries interfaces for cassette 
type tape recorders and a Teletype. 

Ue A connector designed for further expansion of the 
computer. It carries the full address, control and 
data buses from the 6502 microprocessor. 

The computer has a monitor in read only memory (ROM) 
and can be equipped with ROM based assembler and BASIC 
language interpreters. The computer accepts assembly 
language mnemonics as well as machine operating codes and 
this simplifies programming. 

A major disadvantage of the AIM 65 as supplied is 
that it has only 4096 8 bit bytes of random access memory 
(RAM) available. This has to accommodate the system 
stack, all of the programming loaded and all of the data 


collected. 
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The actual interface connections between the AIM 65 
and the A/DC are tabulated in Appendix 3. In summary, the 
lowest 8 bits of the dh adi nea Signal were acquired 
through the A port of the 6522 VIA and the upper 6 bits 
through the lower 6 bits of the B port. The STATUS output 
from the A/DC was connected to control line CAl. The 
output of the start pulse flip-flop on the RC1024S board 


(Fagure] 13 )4awase connected, to control line CBl. 


Bi Programming the Computer 


The AIM 65 was programmed to carry out 2 functions. 
The first was data acquisition for all 128 diodes of a 
photodiode array. It used signal averaging and had the 
option of subtraction of a sequentially acquired 
background signal. The second, calculated signal-to-noise 
ratios from measurements of the data values for the same 
photodiodes 32atimes. »1t: could handle jupi tot 32 diodes. at 
once in a maximum of 4 groups. 

Both programs were in 3 parts. The first ee BASIC 
to ask for parameters. The second was in machine language 
for the acquisition: of: the data. The last part was in 
BASI@ tor calrcisarvon and printouc OL results.) sihe 
programs are listed in Appendix 4. 

The data acquisition rate is governed by the time 


taken by the AIM to carry out the longest data acquisition 
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and storage loop for each photodiode of the array. In the 
Signal-to-noise ratio program the longest loop took a 
minimum of 74 cycles of the microprocessor. The AIM runs 
at 1 MHz so this meant that at least a 74 us interval was 
required between succesSive Samplings. In order to leave 
time for possible changes in programming, the sampling 
rate was set at 10 kHz to give a 100 us interval between 


successive diode readouts. 


a. Seccing Up the Apparatus 


The spectral sources, optical systems and detectors 
used in our laboratory are designed to be mounted on an 
instrument rail bed of the type originally developed by 
Walters [37]. 

The direct reader was too cumbersome to mount 
directly on a rail bed but it was mounted on a fixed frame 
so that the entrance slit matched the height of a spectral 
source mounted ona rail bed. A short rail bed was placed 
before the entrance slit and aligned so that a source 
placed on it would be co-linear with the entrance slit and 


the centre of the diffraction grating. 
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4. Finding the Spectral Line 


The first positional reference point on the focal 
plane of the direct reader was made using a helium-neon 
laser. The laser was set up on the rail bed and the 
position, with respect to the scale on the exit slit 
mounting rack, noted for the 632.8 nm wavelength emission. 

A No. 4 neutral density filter (1 x 1074 transmission 
ratio) was placed before the laser and a photodiode array, 
mounted on its carriage, set up in the focal plane. 

The signal from the RC1024S board, coupled to the 
array, was fed to an oscilloscope and the integration time 
set as short as possible. The array carriage was moved 
and adjusted until the laser signal appeared on the 
oscilloscope. The carriage was then locked firmly in 
place on the mounting rail and the laser signal further 
attenuated by additional filters. The vertical adjustment 
on the carriage was corrected to give the maximum signal 
response and the horizontal focussing adjustment corrected 
to give the highest and narrowest peak. The position of 
the right side of the array carriage with respect to the 
scale on the mounting rail was recorded as the primary 
reference point. 

The approximate position of the spectral line sought 
was calculated from the primary reference point and the 


reciprocal dispersion of the direct reader obtained from 
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the Jarrell-Ash instruction, manual. [38]. . The array 
Carriage and the RC1024S circuit board together with its 
auxiliary Bucci ieee ee moved to cover the calculated 
position. 

A spectral source was placed on the rail bed and the 
spectral line located using the oscilloscope. The 
carriage was then locked in position and adjusted as 
before. The position of the right hand side was taken as 
a secondary reference point. 

When a hollow cathode lamp was used as a spectral 
source, it was placed close to the entrance slit to give 
maximum illumination of the grating. When an inductively 
coupled plasma (ICP) source was used, it was run as 
described in Appendix 1. A 1000 ppm solution of the 
element emitting the sought-after line was aspirated into 
the nebulizer feeding the plasma. 

The first spectral line located with the plasma 
sources wass theticalciumll dineeatn393.4 nm.) Thissas’ a 
strong emission and was easily found before the 
idjdumination of theydirect reader byethe plasma was 
Optimizedse The widumination offthesdimect* readeriwas then 
optimized to give a maximum signal value for this first 
line. (Illumination of the direct reader by a plasma 


source is discussed in Chapter VII.) 
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The initial calculation of the line position is 
important as the array window is only 3.25 mm wide, 
equivalent to a 1.8 nm spectral window. Consequently 
spectral emissions are not readily identifiable by their 
position relative to other spectral features. With 
experience, some reference to neighbouring spectral lines 
can be made by careful movement of the array carriage 
along the focal plane. 

Initially the calculation was correct to within 1 cm 
but aS more reference points were established, the array 
could be placed to within 2 mm. 

Line finding was easy over the spectral range of the 
direct reader down to approximately 270 nm. It was 
noticeable that the array had to be moved closer to the 
centre of the Rowland circle, for correct focussing, as 
the array was moved to the right, towards the lower 
wavelength region. 

At the extreme right of the dark box, line location 
was more difficult. The focussing adjustment on -the 
carriage had to be moved inwards by more than 1 cm from 
the "setting for the ,632.8.nm lasenalmne. alhere was 
considerably more depth of focus than at longer 
wavelengths and the signal could not be brought to such a 
sharp peak when viewed on the oscilloscope. The 


responsivity of the photodiodes is lower in this spectral 
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region (Figure 4) than at longer wavelengths. Longer 
iivegoracion times (up "te 5)s) were required to find the 
lines so the results of adjustments were difficult to 
follow on the oscilloscope. Because the array was 
tangential to the Rowland circle it was not directly 
facing the diffraction grating (Figure 2). Consequently 
it was being illuminated other than normally. As the 
carriage focus adjustment was made, the spectral line 
position changed with respect to the array so that the 
Signal as viewed on the oscilloscope moved along the 
array. In extreme cases, it disappeared out of the array 
window. 

The need for focussing adjustment was caused by 
inaccuracies either in the placement of the focal plane 
mounting rail in the direct reader or in the alignment of 
the diffraction grating. The arc of the mounting rail did 
not correspond exactly to the Rowland circle of the 
grating. Fortunately this had been foreseen and the diode 
array carriage had sufficient adjustment to allow for the 
correction of the problem. 

The single array system was used to determine some of 
the characteristics of a photodiode array based direct 
reader. Measurements were made to determine the 
variability of the detector, its linear range and 


detection limits for analysis. Several methods were 


— 


repre mel peailbennae sHgeot #6 nate too 
ia te ot ibis nial avew (a 2 O38: “qu! ere 
tivo eth oe ®: anaeeteut Ge 26 asiueey: ann 3& 


sew VSS Te af? eeUEeee poyozegl (isad ety 
anes ih. tod eee Ht ehetin Saelwor ane o iets 
C Mpegs 7 AS. enone) quiver Ne i 
M2 o4 awhienied mane Sserdso paenieash a. 
enti Ievisoege #82 ~ebenm @aw sitqms aust auso%' | 
ai’ gntt of youth of s0equeetisiw néwande “ot ‘ 
ait pools, DRvGh. geben ff lame, Shes ne Hevety asf 

ty if *o sao bettengquelh gf \eeseo emetixe ar * 
eaves caw See be Qatsavsod xe boa \ 

“welg twoek wit 3o_ aes cele ate ni rendse nets 


cA ghhbage Soot te certs: at Ley 9 


>-4¢ 
» 
= 
= 
= 
oh 
- 
. 
—_ 
— 
A 
* 
o 


bID Lies oditevog sett 32 ore eee “eerste wohsosy32Ib» 
edt to sfov's hee tune Si ea erisexe Gaegestias” 

abo bh. ady¢ Gas ofeasco! awd Se eae \s Paaee aoe pert: 
oA9 <vE Wel fa, or sro atten Sele hod, Sgebiies ais 
| : opie idesn et) tw no oerion 4 

to sage SRwiietbb o7 biseer cual ino. ye yarrs alpaés ait? | ‘am 
i~etih Seaag you1s sbolPapomg 6 $e Py te | 

oi Aniscci0 o2 slime ettey et iaee sen vtebeet - 

- +) Beth vgn xec0kt ess leepitaeaah: oid ft. iktadsivey, <7 
vay sbodden Lavavag Fe obey 108 ad tatt nol ioudeb aa 


‘ 


87 


examined for separating the analyte signal from the 


background. 


5. The Variability of the Array Background 


One of the timitations of the precision of any 
analytical determination is the variability inherent in 
the measuring instrument. For an electronic measurement 
system background consistency is very important. This was 
investigated for the single diode array system by 
observing the diode to diode variation of the signal 
output in the dark. The dark current itself was reduced 
DY ‘COplLIng .the array to —22 °C. 

Background values were measured for single runs (no 
Signal averaging) at a series of integration times of from 
0.0156 s to 64 s. Thirty six consecutive diodes near the 
centre of the array were selected and the means and 
Standard deviations calculated separately for the odd and 
even diodes and for the set as a whole. For this series 
of measurements the preampifier was set to give oe output 
of 10 V for a saturated array. Some of the values 
obtained are listed in Table 4 and illustrate several of 


the problems associated with diode arrays. 
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St | Changes in the Background Mean Value 


The background mean value changed as the integration 
time was increased. giedeehesccd with time for about 16 s 
and then started to increase again. The decrease was due 
to electronic leakage on the RC1024S board. The later 
increase was due to the build up of integrated dark 
current. Because of this background change, the absolute 
value of a spectral signal, with respect to ground, 
becomes meaningless. It has to be corrected for 
background change by reference to measurements made on the 
Same array but away from the spectral signal. 

This change in background level with integration time 
was later investigated for several array temperatures. The 
results are plotted in Figure 24. The temperature 
dependence of the integrated dark current is clearly 
indicated. Other experiments have shown that the linear 
range of the array remains steady as the background level 
initially decreases, with integration time, but it 
diminishes as the integrated dark current builds up. As 
long integration times are only necessary with low light 
intensities, an array temperature of -4°C is cold enough 
to leave sufficient remaining linear range for a spectral 


measurement at a 64 s integration time. 


5.2 Differences Between Odd and Even Diodes 


The last column in Table 4 shows the values for F 
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(variance ratio) for the even and odd sets of diodes. For 
the hypothesis that the odd and even diodes form separate 
data populations, these F values exceed the 99% confidence 
level for four of the values quoted in the table, exceed 
the 95% level for two and fail to reach the 95% for the 
remaining two. 

The odd and even diodes are not equivalent in the 
background. Their readout is controlled by separate shift 
registers on the array. | Their signals come out of the 
array on separate pins, use separate wires in the ribbon 
cable, and are processed through separate difference 
amplifiers, buffer amplifiers and an analog switch before 
they are combined into a common Signal line. 

They can be adjusted to the same level in the dark at 
minimum integration time but their values tend to drift 
apart. 

The mean values given in the table for the odd diodes 
were greater than those for the even diodes at short 
integration times but the reverse was true at long 
integration times. This may have been due to drift, as 
the experiment took more than half an hour to run, but it 
was probably due to another variable. 

There is a gain-control variable resistance in the 
feedback loop of the buffer following the difference 


amplifier in ‘the ~odd diode processing circuit. “As the 
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integration time was increased, the amplifiers had more 
integrated dark current Signal to work on and the gain 
adjustment may have een Seca vhvtcled low: 

The F test showed that the even diodes were more 
variable than the odd ones. If it were just a question of 
an offset in their values, their variances would be 
Similar. There is yet another adjustment to be made that 
would account for this difference in variability. Each 
shift register in the array is driven by two phase clocks 
called 91 and #2 (Figure 5). There are adjustments on the 
RC1024S board that allow the matching of the outputs of 
those diodes read out on #1 to those read out on §2. This 
adjustment had been more accurately made for the odd 
diodes than for the even ones. This control does not 
driiteasignifiecant ly. 

The separate variabilities of the odd and even series 
of diodes do increase with longer integration times and 
this is likely to cause problems as long integration times 
will be used with the weaker spectral intensities. 

The variations in the background level affect the way 
the arrays are read out. Because background level drops 
initially as integration time is increased, the lower end 
of the range of the analog to digital converter cannot be 
matched to the background level. Consequently the full 10 


V range of the converter cannot be made equivalent to the 
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difference in the saturated and background values for the 
array “oucput. 

For some niéwet rene nts on the single array system, the 
range switch on the preamplifier was opened (divide by 3) 
(Figure 22) and the offset adjusted so that all background 
and saturation levels fell within the range of the A/DC. 
This would increase the effect of digitization error if it 
became significant. A different approach was taken later 
when the multi-array system was designed (see Chapter V). 

The interdiode variation, especially the odd-even 
Variation, 1s very serious. It’ can only be adjusted at 
very short integration times and affects most signal 
measurements. Later measurements (Chapter VI) were made 
considering the odd and even diodes as separate 


populations when background levels were calculated. 


6. Noise Measurements 


Salin and Horlick [39] have reported on the standard 
deviation and signal to noise ratio of photodiode array 
detector systems. They report that, with an ICP plasma 
source, the Signal to. noise ratio wismindependent of the 
signal strength away from the detection limit. This is 
because the major noise source is flicker noise in the 
plasma source and the standard deviation is proportional 


to-rhe Signal strength.) They also report that. the 
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Standard deviation of the array background due to dark 
current is independent of integration time up to 2.5 s. 

The new method poe enero ling the array allowed 
measurements to be made with much longer integration times 
than those used previously. A hollow cathode lamp was 
used instead of the dark current as a source relatively 
free from analyte flicker noise. Standard deviations were 
calculated for background subtracted values by using 
multiple measurements of the signal for a single diode. 
Values are given in Table 5 for the diode at the 403.3 nm 
emission for manganese. The standard deviation remained 
constant until the integration time was increased to 8-16 
seconds and then it started to increase. 

The slow increase in standard deviation may be due to 
low frequency flicker noise as it takes at least 19 
minutes to carry out a set of measurements with 16 seconds 
integration time. There could be slow variation in the 
output of the hollow cathode lamp spectral source but 
variability in the measurement system cannot be 
excluded. For these measurements the preamplifier was set 
foOGla.gain of 3.3. ‘Consequently, mostor the Figures “in 
Table 5 represent variations of 1 to 3 millivolts in the 
outputs from the RC1024S board. This could control the 
lower detection limit of the diode array if other noise 


sources were absent. As the upper detection limit is set 
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Table 5. Standard deviations of a diode output with a 
constant source. 
Integration Standard Deviation (Millivolts) at 
Time 


Seconds 
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by saturation at 1 volt, the linear dynamic range of the 
detector system at a fixed integration time would appear 
to be between two and three orders of magnitude. The two 
anomalous results for the -12°C series are difficult to 
explain. The mean values taken at the same time as these 
standard deviations corresponded to the expected values 
for these integration times yet the standard deviation 
values suggest considerable variation. Simulation 
calculations have shown that these anomalous results could 
be achieved by the array failing to respond to one start 
pulse out of the 32 in the series while the data 
acquisition system responded to all start pulses. 
However, no proof of this occurrence can be offered. The 
-12°C series was the first series run and the effect did 


not occur in the other 3 series. 


tae ne BLOPOREIOnality -ofsthe Ampay Signal to Time 


A diode array, run at a fixed integration time, has 
its upper detection limit set by the saturation oF the 
array and its lower detection limit set by the readout 
noise level. In order to extend the dynamic range, the 
integration time is changed to bring the output signal 
within these limits. It is assumed that the array signal 
will be proportional to the product of the integration 
time and the light intensity. Horlick and Codding [40] 


have reported linearity within 1%. 
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The validity of the assumption was demonstrated by 
the following experiment. 

A hollow cathode lamp intended for steel analysis by 
atomic absorption was used as a steady light source. The 
array, cooled to -22°C, was set up to detect the manganese 
triplet at 403.1, 403.3 and 403.4 nm. The preamplifier 
was set to give an array saturation value of approximately 
10 volts at the A/DC. The entrance refractor plate of the 
direct reader was adjusted to get a maximum signal value 
for the centre peak (403.3 nm), by moving the centre of 
the peak to correspond to the centre of a photodiode. 
Measurements were made over a range of integration times 
of from 0.0156 s to 64 s by averaging 10 scans with 10 
scans of dark current subtracted. The results are graphed 
in Figure 25. The array signal was proportional to time 
over more than two orders of magnitude, and for the 
centred 403.307 nm peak to three. Fortunately, the signal 
output from the hollow cathode lamp was strong enough to 
demonstrate, within the available integration times, both 
the upper limit of linearity due to saturation and the 
lower limit shown by the deviation of the weakest peak 
(403.45 nm) as its measured signal approached the noise 
level of the array. The linear range of the array 
corresponds to that suggested in the section on noise 


measurements. 
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Manganese (Hollow 
Cathode Lamp) 

Ao 405. 2 nie. 
BY#7403%38nm 

C = 403.4 nm 


~ O26 


Fagure 25 


e063 Ge) i 4 16 64 


Integration Time (Seconds) 


The proportionality of the array signal to 
integration time. 
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The validity of the proportionality assumption allows 
the light intensity falling on a photodiode to be 
represented by the value of the output signal (after 
Suitable background corrections) divided by the 
integration time. This gives a measure of the total light 
intensity affecting a single diode normalized to als 
integration time. 

The linear detection range of the photodiode array 
direct reader should then be obtained from the product of 
the linear range of the array and the available range of 


integration times. 


85 tSpectralsMeasurementsaUsingéan: IGP Source 


The performance of an analytical instrument can only 
be tested properly by using it for analysis. The single 
array system was used for independent measurements of 6 
elements. Information was obtained on the linearity of 
the system, detection limits and on the use of simple 
methods of background correction. 

Separate solutions were prepared for cadmium, 
calcium, magnesium, manganese, strontium and zinc, all at 
1000; ppm! concentration. These were) diluted in tenfold 
steps to give a series of solution concentrations 
extending down to the expected detection limit for each 


element. Double distilled and deionized water was used 


99 


awol Ln not sqmUweR _AtPagotsraqo79 ed? | aa x: 
ad oy ebolhogatg & #0 onat iar aber 
te Lawgbe) agewo. ems to suley end | 
eid yd Cwhkvet niet see eee ee 

t tesod wfff 26 -lpresrtbedien & eerie aia? vomit no pas 2 


os beat iemzar ) ahoth aignie s entsoutte a 
somtt 
atte wbolbosong® #12 qo SsHnet ces som dub neetil 
is douborg ws mea beau intda od woud hivode _— 
+ wnres elidel leva si Boa yermm edd Je sone? 10 


205108 206 ge patel, gingmexvagem. Le7% 


{ 
Lf 
‘ 


ufoo whe tremusieat Tapaayineny nit to, ponnersbaed 4 
elonde wit leysnrm tet as ‘gale’ .e xi xeqerd te 
2inews I usaen eet a 102 ‘heav asm nntaue: 
saenilh off « Barta yee waw ‘apt sanaetn! ssn Eee 
siguie Je eso say am Oe asintt neiaoosas. 1 SYR eld 
| NO IAORTOD bivwexodsed Io ne 7 
muni fOr cual 1a eeu sqoisuloa. dyeungea, a on 


id 


ge lin .aads She soho 98 “seemegacm wut eengsm ucieuaie 


ye 


tintwed ni besellt exee SaeaT - nol saasnsano myy OO0L - 


- 
= 
— 


conto nofigloe Te estres fe: whe os agave | 


aiossevs 


7S so) 2iedt aia er batoogue oft oe. web getktinesxe 
See 48 9O%KW — er beiti sein eaues yagaemete > 


* hp 


‘ae 


100 


for all dilutions. The solutions were aspirated into the 
Spray chamber of an inductively coupled plasma source. 
(Operating conditions of the ICP are given in Appendix 
1.) The spectral emissions of the 6 elements chosen fall 
in the wavelength range of 238 to 408 nm. 

The preamplifier to the analog to digital converter 
was set in the low gain position to allow the use of the 
whole range of integration times from 0.0156 s to 64 s. 
All data were the signal averaged values for 5 consecutive 
diode array integrations. Where the background was 
corrected by subtracting the signals generated by 
aspiration of water, this was done immediately by the use 
of the subtraction loop in the data acquisition program 


(Appendix 4). 


8.1 Measurements with Calcium as Analyte 


The calcium II line at 393.4 nm is a very intense 
emission in the ICP and was chosen to illustrate the 
linear range of the detection system that could be 
obtained by varying the integration time. The system 
responses are shown in Table 6. The parameter recorded is 
the peak height voltage, at the A/DC, normalized to a 1 
second illumination by dividing by the integration time. 

The first set of values (A) are the water background 
subtracted values. The second set (B) is similar to set 


(A) but has been further corrected using a factor obtained 
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Table 6. Photodiode response to calcium 393.4 nm. Values 
are in volts at the A/DC normalized to a 1 second 


integration time. 
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from the values for off-peak diodes close to the response 
peak. The third set (C) are values without the water 
background subtraction but using the correction factor 
obtained from off-peak diodes. The use of water 
background subtracted values required about 12 minutes to 
run at 64 s integration time with the possibility of low 
frequency flicker noise affecting the subtraction. The 
off-peak correction factors for calcium were calculated 
from groups of 7 and 8 consecutive diodes starting 7 
diodes away from the peak. They helped to compensate for 
any flicker noise in the system other than that due to the 
analyte. 

The results listed in Table 6 indicate that the use 
of the off-peak diode generated correction factor gives 
linearity as good as that obtained using the water 
background subtraction method. This is subject to certain 
reservations. The array must be free from defects 
(glitches) in the peak region and in the background 
evaluation region. The peak must not be subject “to 
interference from wavelength dependent spectral features 
such as argon lines and OH molecular spectra unless they 
can be corrected for. The response of the individual 
diodes to light must not vary significantly. Hog [41] 
reported that for an earlier type of diode array, the RMS 


value of the interdiode variability was about 0.1% and 
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that the end-to-end variation over 256 diodes was of the 
order of 23%. 

The variation in rhe integrated dark current among 
the group of diodes must be inSignificant. This is not 
true at room temperature as observed by Vogt [25] and 
Others, including this current work. It can be calculated 
that the thermal generation of hole-electron pairs and 
hence the integrated dark current is reduced by a factor 
et tiie by/teootang) (ihel var ave from 23°C! to) 20°C. ‘Astta good 
quality array, running with a gated oscillator, takes 
about 16 seconds to saturate with dark current at 23°C, an 
array at -20°C and integrated for 64 seconds has 6% of its 
dynamic range taken up by dark current. Dark current 
measurements would have to be made for each individual 
array to determine the variability as there is 
considerable variation of this property beeen arrays. 

The odd-even diode difference must also be considered 
when ‘calculating the ‘off-peak correction factor. If this 
difference is large, the odd and even diodes can be 
considered to form 2 separate populations. In that case 
the off-peak background correction factor must be 
calculated from diodes of the same odd-even parity as the 
analyte peak diode. 

The concept of using an off-peak correction factor is 


not new. It was used by Vogt [25] to save time when using 
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a liquid nitrogen cooled array with integration times of 
over one hour to study star spectra. 

The value given Sa se 6 for the water background 
subtracted signal for 1 ppm calcium solution was actually 
a mean value for 6 determinations at different integration 
times. The individual parameter values are shown in Table 
Sits 

The values in Table 7 were calculated from voltages 
at theA/DC ranging! from 20 millivolts to 4.423 volts 
depending on integration time. When this is considered, 
the values are remarkably close. Digitizing error is not 
involved. The value of the least Significant bit of a 14 
bit A/DC operating over a 10 V range is 0.6 mV. This 
would cause, at the most, a 3% error in a 20 mV signal. 
The odd-even pattern contribution was calculated 
separately and found to be insignificant. Some of the 
variation with integration time may be due to the 
multiplication of noise at low signal levels and short 
integration times. This should not be a serious problem 
as in analysis low signal levels will be associated with 
long integration times. 

The use of longer integration times to improve 
detection limits is illustrated in Table 8. 

The values are for a relatively low concentration. 


They were water background subtracted and were calculated 
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Table 7. 1 ppm calcium measured with various integration 
times. Values are volts normalized to 1 second 


integration time. 


A B 
Seconds Water 
Integration Subtracted AU Conrection 
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Table 8. Signal to noise ratios with a low analyte 


concentration (Ca 10 ppb). 


Integration Times 


Mean 
Ink. Time 
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from 32 successive signal values for the same diode (and 
32 water background values subtracted). 

Close to the detection limit the limiting noise level 
is due to the measurement system which is independent of 
the analyte concentration and the integration time (if the 
array is cold enough). The analyte signal is proportional 
to integration time so, as the latter is increased, the 
Signal to noise ratio is increased. If the detection 
limit is taken as the concentration at which the signal to 
noise level is 3, then the table values indicate a 
detection limit of 5.4 ppb decreasing to 1.25 ppb as the 
integration time is quadrupled from 16 to 64 s. The 
ultimate low level of the detection limit would appear to 
be governed by the limit of the integration timer circuit, 
the electronic stability of the system and the operating 
temperature of the array. 

A logarithmic plot of the diode array response to the 
CaII line at 393.4 nm is shown in Figure 26. For this 
strong emission, it is possible to cover more than 5 
orders of magnitude of concentration values by combining 
control of integration times with the dynamic range of the 
photodiode array. 

The curvature of the line at high concentrations may 
have been partially due to self absorption but it 


certainly was partially due to error in the calculation of 
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Pigure: 26. 


The diode array response to calcium concentration 
for the CaII 393.4 nm erissign. 
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the base line value from off-peak diodes. This was caused 

by collision broadening of the spectral line within the 

plasma source. This effect is increased for some 
emissions as the linear Stark effect occurs due to 
interaction with the plasma electrons [12]. This line was 
sufficiently broad for the 1000 ppm concentration that its 
wings overlapped onto the diodes used to calculate the 

off-peak correction factor. It can be seen from Figure 27 

for the signal from 1 ppb concentration that the 

broadening effect persists down to very low calcium 
concentrations. In summary, the calcium experiments have 
shown:- 

iv The measurement system has good linear dynamic range 
for a strongly emitted spectral line. 

Als In favourable circumstances, the base line used for 
measurements can be obtained from the same array 
measurements as the analyte signal. 

iii. Detection limits are improved in proportion to 
increases in integration time. 

vi. The noise level near the detection limit is again 


due to the detection system. 


8.2 MeaSurements with Magnesium as Analyte 


Magnesium has its two strongest plasma emission lines 
close enough together for a single array to record both of 
‘them. At 280 nm they are of shorter wavelength than the 


calcium line already discussed. 
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The water subtracted values are given in Table 9. 
All of the values in the table are water background 
Subtracted data, with and without the use of off-peak 
diode correction. The two peaks were 53 diodes apart on 
Ehe array and the off-peak» cornection:ifactor (background 
level) was taken from 15 diodes in the centre of the gap 
between them. Values are also shown for attempts to 
measure peak area by summing values for the peak diode 
with those for 5 diodes on either side. The off-peak 
correction factor was then applied 11 times. The peak 
Berea CcONCepL Was sconsidered) imgcase #t had to be used to 
correct for geometric changes in the position of the diode 
array. The values for the 2 spectral lines correspond to 
each othersfor concentrations of 100 ppm and less. The 
peak area calculations correspond to approximately three 
times the value of the central diode signal except at the 
lowest concentration levels, where they lose precision. 

Kubota [42], using a microchannel-plate, image 
intensified, diode array, has used signal to noise ratios 
to show that the use of peak area is* less precise than 
peak height. He explained it as due to the increased 
significance of detector dark current variation and source 
background variation at the wings of the peak. 

Figure 28 is the logarithmic plot of the array 


response to the two lines. 
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Figure 28. The diode array response to magnesium con- 
centration for the MgII emissions at 279.6 nm 
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A signal to noise measurement was made for the 10 ppb 
concentration based on the method of repetitive 
measurements of the peak value and water background 
Subtraction. The value obtained for the signal to noise 
ratio was below 1, suggesting that the solution 
concentration was well below the detection limit. The 
Signal averaged values for 5 runs shown in Figure 29 show 
that the peaks are still well above the detector noise 
level as obtained from values of successive diodes in the 
background. 

The repetitive determinations method for signal to 
noise ratio takes 70 minutes to run with 64 s integration 
times and is Sensitive to low frequency variation such as 
a DC level drift. If the analyte peak is measured with 
respect to the variation among the diodes of the same 
measurement it can still be evaluated regardless of DC 
level drift. 

In summary the magnesium experiment has shown:- 

2. The responses to two spectral lines maintain a close 
ratio over several orders of magnitude. 

abe Peak heights have better precision than peak areas 
at low analyte concentrations. 

iii. Signal to noise ratios obtained from repetitive 
measurements of a Single diode output can give a 


faise tneicarron’oL the detection “limit. 
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Figure 29. The magnesium peaks at 279.6 nm and 280.3 nm 
for 10 ppb magnesium. 
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8.3 Measurements with Cadmium and Zinc as Analytes 


These elements were chosen because the spectral lines 
used for their ane etemere much lower in wavelength than 
those of the other elements chosen. The cadmium II 226.5 
nm and zinc I 213.86 nm emissions were very difficult to 
locate as they were low in intensity and required 
considerable focussing adjustment of the array carriage. 
The diode array responses are given in Tables 10 and ll. 
The response curve for both cadmium and zinc is shown by 
Figure 30. The zinc peak at 1 ppm concentration is shown 
by Figure 3l. 

The array responses to these elements was expected to 
be lower than for calcium but the values obtained were 


much lower than expected. 


8.4 Measurements with Manganese as Analyte 


The manganese lines chosen were the manganese I 
triplet at 403.08 nm, 403.31 nm and 403.45 nm. These same 
lines had been previously used with the hollow cathode 
lamp source to establish the linearity of the array. They 
are close enough together to be recorded simultaneously 
and illustrate the resolution capable with the diode array 
detector. The array responses are given in Table 12. All 
values were water background subtracted and adjusted with 
the off-peak correction factors. The response curves are 


given in Figure 32. Measurements across the three peaks, 


Pea 


ie aig , ¥ 


stoopye ws secaned revert are 


» showed orewond temel doum. ese ave atest 9 
Sf ii mules ott each snl Blin oid. 
Wine 6 yotiy Stow anol asl fhe. ae, ere. i i 
‘wpe bad Waieasda? nt wel, ex0¥ vod an 

52 yaxta ed? 30 poondent? i weteeuso wid 


esficet i adevip 974 abtetiiidh ites YasIk * 


acts a) sais bas mylmtnd. ajed 702 avzwe onitil 
tendqeonied mqq { Ja Apeg penis ait oe 
eS a bk: 
aif aries 


7 =“ 
« atoemele gee ls of esarnogesrx i 
suates ef? sud myiotas ae nsdt * 


_ sbetsegxe, sett iid 


erect. ene nen, 
cancer ons arey napRee eealk capanaes aT 
mn ~~) tag mn re. ad mr BOs ech 46 tela 

liv seit ttw beau Wiauotvelty nead bart oath | 
yee 4 if #9 Je-w bags t she ealabatary i o3 —_ gmat 


(Lavpvone ff z esiedhis aid teitdegos HevoNs sent S36: , 


ey 


[pix ak of) viv, oltingea Motsutorst a tisasaulit brs c 
[fA 81 ofde' ia¢ip ae maanoyaen yur: oit't stospedab 217 


+ 
“i os 7, 


isiw feteupbs bce Sscdodwedies Kewoxn ised tana eto oat 
ase adv ? wt aqees 95 outdon notavertros sonar 330 Pri | 


oieng eorls of? abotge pienameageet. exuglt ne 


' a ah 


ae ic 


1a7 


Table 10. Photodiode response to cadmium. Values are 


volts at the A/DC normalized to 1 second 


integration time. 
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Table 11. Photodiode response to zinc. Values are volts 


normalized to 1 second integration time. 
Water 


Corrected 
Water Corrected 11 Diode 
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Figure 30. The diode array response to cadmium and zinc 
concentrations for the CdII“226-75 nm anda Zni 
213.9 nm lines. 
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(millivolts) 


Signal 


Wavelength in nm 


The zinc peak at 213.9 nm for 1 ppm zinc. 
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Table 12. Photodiode response to manganese. Values are 


volts at the A/DC normalized to 1 second 


integration time. 
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Figure 32. The diode array response to manganese concen- 
tration for the MnI triplet at 403.1 nm, 403.3 nm 
and 403.4 nm. 
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showing the resolution, are illustrated by Figure 33 for 
the 1 ppm concentration of manganese. The 11 diode sum 
values (peak area) are twice the value of the peak 
height, compared to triple the peak height for magnesium, 
cadmium and zinc. The manganese lines appear to be 
narrower than those of the other elements. This is 
probably due to the position of the manganese lines which 
are formed close to the normal of the centre of the 
grating. Here astigmatism is less than at the lower 
wavelength positions on the focal plane. 
In summary, the manganese experiment has shown:- 
We An example of base line resolution for two spectral 
lines separated by only 0.14 nm. 
dee An example of a much narrower spectral line than 


those obtained with the other elements examined. 


8.5 Measurements with Strontium as Analyte 


Strontium was chosen as it emits about 100 times as 
intensely as the manganese lines in the same spectral 
region., Like the calcium; I line, at 39324 nm, strontium 
it 407.8 nmeisyatctected by the linear Stark“erfect and 
should have a completely different profile than the 
manganese lines. The experimental values are given in 
Table. 13. 

The loss of linearity at the high concentration is 


Maiiwty, dues tO self absorption inethe source “as the off 


roe £6 eenpkt bidibas teed Ls ash . nokmudoest 4 
g ebobh a ort’ ili al to noi tsasapsnes. wet 


n) ayisy git wolwi. otew (aera aon 


sender so gdetei gdaeq ane oi qazd: od basen tnt 
~ 
ee ce 200! a a ott spats hag . 
co = 
| or = <a 
a ba ,afndmeiw smilie edd. se geod, nats awot 


a 
soamagnen ett 26 wolasdog mis os 08. pt 


tc: salsa? gtd 35 Lemon any oF eaols eb j Pat i- 
si net, e@eel af iabtanni ins eye 

.wtetq [5901 of? 8 SNo+ LJ feog Ade 

- 

wassages scedepeea O02 eanave - 

) 209 feats utons oatl seat io- ol gmaxe aA 

fe 

rar 610 yim ei Hosazegee agink 

og > Sea sengos x98 oem Cy ia otqnexe. nia’ 


sjrepeie sehdo ofa Ise hHéniesde -enodd 


q 2? Grill 


4.9 krgti ——— Sidtih gidemeauseot a 
tea. 94 BS NEFOTIO sews mut inexs® : 


pL 1 cilia 


sya wind. Sted donk eesneyret Wes eB yiezossnd | 
on >, £08 ‘gn ankt MM auvining ang exis morgen 


, a dent a yd He2oe7ie ef) mn): &. iia ai 


Pe ¢ ’ iy Ae) 
aad acd wlidosy Deoteea mh, cisseiqnco,p ever pivode. | 

| pax AY eo | ey 

né cave sa6 26: rhs (4tqeminaeqges art; esnil el ial 7 
a ; ’ Hid ; le | ¥ 

ae rome older 


et “noO1 2% S4n00RC0O vi iff s67.- $6 votaient 1 Sint ear 
346 494 ae voRUOS Pore ai Hol tqyneds ihe ads sub yiontsn a 
| “ae U se or Ta e A Me 


124 


ES 


MnI 1PPM 403.08 


100 


oy 


(mii 1Livo 1 ts) 


Signal 


403.51 Wavelength in nm A012: 97, 


Figure 33. The manganese 403 nm triplet at 1 ppm manganese. 
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Table 13. 


Photodiode response to strontium. Values are 
volts at the A/DC normalized to 1 second 


integration time. 


Corrected 
Water Water 
Subtracted Subtracted 
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peak correction factor was calculated from diodes well 
away from the peak. The eleven diode sum values were 
approximately three eines the peak height. The peak for 
the 10 ppb concentration is shown as the solid line in 
Figure 34. The dotted line is for the 403.8 nm line of 1 
ppm concentration of manganese, drawn to the same scale 
and is included to give an indication of the degree of 


broadening of the strontium line. 


8.6 Discussion of the Detection Limits Found 

The photodiode array responses for spectral lines in 
the centre of the direct reader were excellent but those 
for cadmium and zinc were very poor. A table of detection 
limits of 70 elements for analysis by the inductively 
coupled plasma has been published by Winge, Peterson and 
Fassel [43]. The diode array was able to detect elemental 
concentrations close to those published for spectral lines 
in the centre of the direct reader focal plane, but not 
for those to the right side, in the ultra-violet. 

Calculations have been made to determine the 
concentration limits for the diode array direct reader by 
a Similar method to that used for the published results. 
Response signals were taken for solution concentrations 
sufficiently high above the detection limit that 
confidence in the values obtained was high. The 


concentrations chosen were still low enough for the 
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Figure 34. The strontium 407.8 nm line at 10 ppb strontium. 
The dashed line is the 403.8 nm line for 1 ppm 
Mn drawn to the same scale to show the Sr line 
broadening. 
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limiting noise to be due to the measurement system so that 
the same noise level could be applied at the detection 
limits. The noise values (standard deviations) were 
calculated from the values of off-peak diodes. The 
detection limit was calculated as that concentration at 
which the signal level would equal three standard 
deviations of the background signal. The detection limit 
values are calculated and compared to the published values 
in Table 14. (The standard deviation for calcium was high 
as the off-peak diode values used to calculate the noise 
level were still on the wings of the broadened line. 
Consequently the noise would contain some contribution due 
to the calcium concentration. ) 

As low values for detection limits are desirable, 
values in the last column of the table of greater than one 
favour the diode array system. Values of below one do 
not. 

The comparison values are obviously wavelength 
dependent as they change by 2 orders of magnitude .as the 
wavelength decreases from 407.8 nm to 213.8 nm. This 
indicates an instrumental effect. Talmi and Simpson [23] 
have published a quantum efficiency curve that indicated 
that the photodiode quantum efficiency at 210 nm is 75% of 
that at 400 nm. Salin and Horlick [39] reported that the 


detection limit for zinc was 50 times that of calcium when 
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using a diode array with a monochromator. The diode array 
direct reader gave a ratio of 154 to 1. Consequently the 
use Of a photodiode detector to replace a photomultiplier 
tube was not responsible for the signal loss. The real 
reason for the loss in response at low wavelengths lies in 
the age of the instrument. 

The diffraction grating of the diode array direct 
reader was blazed for 360 nm [44]. The luminosity of a 
blazed grating falls off rapidly on the short wavelength 
side of the blaze [45] so the diode array cannot respond 
to light that it doesn't receive. The grating was blazed 
for this wavelength because it was supplied with DC arc 
and AC spark spectral sources. These used classical 
spectral lines that were originally established for their 
photographic response and were generally of longer 
wavelength than most useful lines from the ICP. This 
instrument was designed at least 3 years before the 
introductory papers on the plasma source were published by 
Greenfield [46] and Fassel [47]. 

By contrast, Winge's instrument [43] was designed for 
the ICP source with a diffraction grating blazed for 250 
nm emission. This blaze is now used because the most 
prominent lines for 45% of the elements usually analyzed 
with the plasma source are in the 200 to 250 nm region 


[43]. 
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Consequently, the low response obtained for the diode 
array in the ultraviolet region must be considered as an 
instrumental problem ae to the grating. It should not be 
considered as a barrier to its acceptance as a direct 
reader detector. Later work has confirmed that the 
limitation is due to the grating by showing stronger 
Signals for cadmium and zinc measured in second order when 
compared to those measured simultaneously in first order 


(Chapter VII). 
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CHAPTER V 
A' MULTI ARRAY SYSTEM 


The experiments with the single array system have 
shown that the photodiode array can be operated to give 
Similar detection limits for emission spectroscopy as the 
photomultiplier tube. A direct reader has to have several 
spectral windows in order to measure the emission from 
several elements simultaneously. This requires a more 
complex control and data logging system than was used for 
the single array system. 

Six 128 diode arrays were available and a system was 
required that would run all 6 under computer control for 
readout and data storage. Additionally, every array had 
to be supplied with power, a cooling system and control 
signals. All of the supply lines had to be flexible to 
allow the array to be moved around the direct reader focal 


plane to suit the analytical task. 


1. The Data Logging Method 


A commercial, photomultiplier tube based direct 


reader has one channel and detector tube per element. It 
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Simultaneously records the time integrated values for the 
anode current for each tube in analog form. Then it 
sequentially oroesse carne stored data, element by 
element. Because the light detector and the signal 
storage device are separate parts of the circuit, both can 
have a large dynamic range. This, in turn, allows the 
Signals on all channels to be integrated for the same 
length of time. 

A diode array works differently. The individual 
diodes are both detector and signal storage devices. In 
order to obtain a large dynamic range, the integration 
time muSt be varied. When the integration time has 
elapsed, the data processing system must accept the analog 
Signals from the diode array circuit board, digitize them, 
and store them, all in real time. 

A data logging system can only handle one signal at a 
time so to have several arrays completing their 
integration times simultaneously and competing for a 
single analog to digital converter would be a calamity. 

One approach would be to have an independent data 
acquisition system for each array and a master computer to 
control them all. For six arrays, this would require not 
only seven microcomputers but in addition, six high speed 
analog to digital converters, each with its own sample and 


hold amplifier, and probably cooling fan, and sufficient 
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direct current power supply at several voltages to drive 
them all. 

The alternative approach that was chosen used a 
Single microcomputer and avoids readout clashes by careful 
control of the integration times. This was done by 
allowing the integration times to be increased in a 
stepwise fashion with sufficient time allowed in each step 


for readout of all six photodiode arrays. 


2h The Apple II+ Computer 


The AIM 65 microcomputer, although it adequately 
processed the data from a single photodiode array, was not 
Suitable for the more complex task of handling six 
arrays. Its limited amount of random access memory (RAM) 
could have been extended but its slow rate of 
communication with off-line systems could not easily be 
improved. Sequential searching of cassette tapes for 
programs and data is a very slow process. Interfacing 
with the operator had to be done through the small onboard 
printer as the single line electronic display could only 
carry a limited amount of information at any one time. 
Additionally, the AIM is an engineer's development machine 
and the little supporting peripheral hardware that is 
available has a limited market and is consequently 


expensive. 
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The Apple II+ is a general purpose microcomputer that 
uses the same type of microprocessor (6502) as the AIM but 
it is better designed for rapid and easy interfacing with 
both the operator and peripheral devices. 

The main circuit board of the Apple does not have any 
built in input/output (1/0) devices. However, it does 
have the necessary interfaces for easily fitting such 
devices. The interfaces are shown in Figure 35. 

The power, speaker and keyboard connectors are used 
internally by the computer. The video output connector is 
a standard RCA phono jack that is usually connected to a 
video monitor. The game I/O connector is a standard 16 
pin DIP socket. It is designed to interface with hand 
held control devices for playing video games but it is 
very useful in more scientific applications. It can be 
used to input and output control pulses, output steady 
State logic levels and act as a controllable short 
interval timer, all under software control. 

The eight peripheral slot connectors (0 to 7) 
simplify input and output for the Apple. Each one is 
connected to the computer's data, address and control 
buses, the power supply and the system drive clock. In 
addition, the address bus on the main board is partially 
encoded to give three low level pulses that are used to 


select the slot connectors and hence their attached 
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Figure 35. Input/Output connections on the Apple II+ 
Main ‘circuit board. 
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peripheral devices. The Apple has been commercially 


successful and there are a lot of reasonably priced 


peripheral devices available that can be plugged directly 


into the slot connectors. 


The direct reader system has six of these eight slot 


connectors in use, as shown in Table 15. 


Five of the six plugged in peripherals are commercial 


devices and are described below. The sixth is a custom 
built circuit to control the integration times of the 


array and is described in a separate section. 


gl s L6k Byte Memory Expansion Board 


This uses the same memory addresses as the Apple 
monitor and BASIC language read only memory (ROM). This 
restricts its usefulness. It is intended to be used to 
store a language interpreter as an alternative to the 
Applesoft floating point BASIC in ROM. When loaded with 
Integer BASIC, it has, as part of that language set, a 
restricted form of assembler language that is useful for 
writing programs for machine code operation. 


This extra memory can be used to store machine 


language programs and binary data. It was considered for 


this purpose but diskette storage was found to be more 


convenient. 
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Table 15. System use of the peripheral slot connectors of 


the Apple II+. 


Disc operating system controller 
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2.2 The Printer Interface Board 

This is a GRAPPLER + by Orange Micro and it is 
interfaced to an Epson MX80FT dot matrix printer. The 
combination can Oeanrone information up to 80 characters 
wide and also give a printed copy of any high resolution 


graphics display on the video monitor. 


eo ne 12-bit. Analog touD gical Converter 


This is an AI13 analog input system from Interactive 
Structures Inc. It has 16 software selectable analog 
input channels, 8 software selectable voltage ranges and a 
conversion time of 20 us. On its lowest range (0 to 0.1 
volts) the least significant bit (LSB) value is 0.024 mv, 
well below the 0.6 mV value for the 14-bit A/DC used with 
the AIM 65. 

The AI13 is used in a mode that takes an externally 
generated high to low TTL transition as a trigger for 
conversion (the negative edge of the diode array RC1024S 
board's sampling pulse), and then generates an interrupt 
after conversion is complete. 

Although the AI13 does not need a further 
preamplification stage for gain, it does, require the 
analog inputs to be offset by means of a summing 
amplifier, in order to use its lower input voltage 
ranges. This is required to overcome the variation of the 
background level of the photodiode array with changes in 


integration time. 
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The amplifier shown in Figure 36 was built 6 times, 
once for each array. The operational amplifiers are LF351 
from National Semiconductor Corporation and are of a 
Similar type to the ones used previously. The AI13 takes 
its power off the Apple power supply (+11.8 V, -12 V, +5 
V). The preamplifiers are also powered by the Apple to 
avoid any accidental overload of the AI13. The offset 
controllers are 10 turn precision wire wound 
potentiometers, equipped with turns counting dials. These 
were mounted on the side of the amplifier case to allow 
various offset voltages to be switched in quickly and 


reproducibly. 


2.4 The Input/Output Controller Board 
This is the DI09 I/O board from Interactive 


Structures. The controller contains two 6522 Versatile 
Interface Adapter (VIA) integrated circuits and has some 
partial address decoding. Thus it has four 8 bit parallel 
1/O ‘ports with S contro” lines. 

Only one 6522 is used by the system. The Donen 3 
bits of port A (PAO to PA2) are used as inputs to read the 
encoded identity of a start pulse and determine which 
array is about to be read out. This identification is 
required so that the computer can select the correct input 
analog channel of the A/DC and select the correct data 


storage addresses. The upper 4 bits of port A (PA4 to 
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PA7) and all bits of port B (PBO to PB7) are used as 
outputs to load a digital to analog converter. This 
allows any data in the Beaten to be displayed on an 
oscilloscope or graphed by a chart recorder. 

For data collection, the I/O controller board has to 
detect both the rising and falling edges of the start 
pulse of the array about to be read out. This is done 


through control line CAI. 


Zoo ene DiscvOperat ing system Controller 
This supports 2 disk drives that use 5 1/4 inch 


diameter floppy disks. Drive No. 1 is usually loaded with 
the direct reader operating system disk. Drive No. 2 is 
used for data storage disks. 

It has become normal practice with Apple computers to 
put this controller in slot 6, however, in this system it 
has been moved to slot 7 to relieve crowding around the 


integration timer circuit board in slot 5. 


3. The Integrat ron Timer System 


3 APeaThechiming sand Sequencing Principle 


In order to allow measurement of a wide range of 
emission intensities, the individual photodiode arrays 
must have independently variable integration times. In 
order to be processed by a single data logging system, the 


readout times of the arrays must not clash. 
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The degree of variability allowed to the integration 
time has to be restricted so that both of the above 
conditions can be met. 

A short time interval, long enough for 6 arrays to be 
read out with a little time to spare, is selected as the 
Standard integration time increment. All integration 
times are controlled to be integer multiples of this 
increment. Each individual array is allocated a fixed 
portion of the standard time increment during which it may 
be read out. When the integration timers start running, 
each one starts at the beginning of its allocated portion 
of the standard time increment. As the integration times 
are an integer multiple of the standard increment, the 
readout for each array has to occur within its allocated 
portion although probably many standard increments 
later. This prevents readout clashes as the allocated 
portions for different arrays are separated by enough time 
for complete readout of an array. This is illustrated in 
Figure 37. 

The standard time increment is 0.1001 s made up of 32 
pulses each of 3.129 ms. An array of 128 diodes takes 13 
ms to be read out at a sampling rate of 10 kHz. Array 0 
is allocated the first portion of the standard 
increment. Array 1 is allocated the portion beginning 5 


pulses or 15.645 ms after the start of the standard 
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increment. Array 2 is allocated the portion starting 10 
pulses after the start of the increment, and so on. 

The integration eee of each array have to be 
multiples of .1001 s. This also means that the minimum 
integration time is .1001 s, and this suggests that less 
prominent spectral lines may have to be used to analyze 
high concentrations of some elements to avoid saturation 
of the photodiode array. 

It would be extremely difficult for the central 
processing unit of the computer to act as the timing 
device. It would have to run six counting loops and after 
it broke away from the counting loops to process the data 
from an array, it would have to correct the timing for the 
other five arrays and restart the loop for the one just 
read out. 

The more convenient method chosen uses software to 
load the integration times onto a series of timers that 
then run independently of the central processing unit. 
The central processing unit idles in a loop until it 
responds to the rising edge of a start pulse generated by 
one of the integration timers. After processing the 
corresponding array readout it returns to the idling loop 


until the next start pulse occurs. 
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3.2 ,Design_and) Construction ofthe Timing Device 


The timer system and its associated integrated 
circuits were hesembladpan an Apple peripheral prototyping 
printed circuit board. The logic diagram for this 
assembly is shown in Figure 38. 

The primary oscillator of the Apple is a 14.31818 MHz 
quartz crystal. This frequency is reduced to 1.023 MHz to 
clock the central processing unit and this same reduced 
frequency is also made available at the peripheral slot 
connectors. 

The heart of the integration timing system consists 
of four 8253 integrated; circuit’ Chips: “Each of these ‘has 
three 16-bit programmable down counters that can run 
independently of each other in any one of six modes and 
this supplies the 12 counters necessary to run the system. 

The 12 counters are utilized as follows: 

i One is used to reduce the time base clock frequency 
by a facter of 37200 (torgive: ayperiod of 33/129 ms) 
and this is used to drive the other eleven counters. 

a Five are used to control the gating of five of the 
integration counters to delay the start of their 
counting cycles by fixed amounts of time. 

iii. Six act as the actual integration timers. These are 
loaded with the integration times for each 
individual array as selected by the operator of the 


direct reader. 
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Figure 38. The integration timer circume Logic. 
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The power supply for the Apple has only 500 mA 
available at 5 V for all the eight peripheral slot 
connectors. As the ae 8253 integrated circuits alone 
draw 560 mA the timer circuitry was driven by an auxiliary 
power supply. 

The data bus and part of the address bus of the 
miecrocomputerwhave ito gofto all four 98253:ichips.s: In. order 
to avoid fan-out problems, the bus lines and the 
READ/WRITE control line were first buffered through 74125 
tri-state buffers. 

The circuit requires the 60 signal from the 
computer. This is the phase of the computer clock signal 
that goes high for data transfer. Because this signal has 
considerable fan-out on the Apple main board, it was 
recreated for the timer circuit by inverting its 
complement $l. 

For an added complication, the 8253 chips are not 
designed for use with the 6502 microprocessor that drives 
the Apple. They are designed for use with Intel's 8080 
microprocessor. The essential difference between the two 
is that the 8080 has separate read and write control 
lines, while the 6502 uses a single line for both read and 
write control. When this line is high and $0 is high, the 
6502 reads data. When the line is low and $0 high, the 


6502 writes (outputs) data. A special interface has been 
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designed by V. Karanassios [48] to allow the 8253 and 
Similar Intel chips to be used on 6502 based equipment and 
this was incorporated hae the acircud t. 

Because the data bus was buffered through one way 
tri-states, the status of the count in progress could not 
be read out through the data bus. This does not matter as 


the timer output pins carry the end of count signals. 


ee Addressing the Counters 


The counters within the 8253 chips have to be 
individually programmed and this requires that they be 
individually addressed. The circuit board runs in slot 5 
which has the dedicated address $CODO to SCODF (S$ = 
hexadecimal symbol). When any of these 16 addresses is 
referenced a control line at the slot interface goes low 
for 500 ns. This is called the DS (Device Select) pulse 
EOD that-Ssikot. 

Consider the last hexadecimal digit of these 16 
addresses expanded to its four binary address lines A3, 
A2, Al and AO. Address lines A3 and A2 are fed to a 2 
line to 4 line decoder (74155) which is activated by 
the DS pulse. The four outputs from the 74153eare used 
as CS (chip select) pulses and are fed individually to the 
four 8253 chips. - Thus the particular chip being addressed 
is controlled by the values of A3 and A2. The Al and AO 


address lines go to all 8253 chips where they are used to 
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address the individual counters or to signify the transfer 
oF ‘control information (mode word). The full address list 
for write instructions to the system is given in Table 16. 

In order to synchronize the start of the counting 
operations, the counters are inactivated during the data 
loading process. This is done by holding the gates of the 
frequency reduction and delay counters low (disable) with 
a software controlled logic level through the Apple game 
I/O connector. When all the counters are loaded the logic 
level is software switched to high, the gates are opened 
(enabled) and the count operations commence. 

The timing diagrams for the counting processes are 
given in Figure 39. 

Counter 0 on 8253 #1 runs in mode 2 as a frequency 
reducer. It is loaded with a count for 3,200 and clocked 
by the 1.023 MHz Apple drive frequency. The output is 
normally high but every 3,200 clock cycles or 3.129 ms it 
goes low for 1 us. The reduced frequency output signal is 
buffered through a 74125 tri-state and then is fed.to the 
other eleven counters in the system. 

Counters 2 <and 2 on 8253 #1 and all three counters’ on 
8253 #2 are run in mode O as interrupt timers. The 
outputs go low as the counter register is loaded. When 
the count starts the output remains low until full count 


occurs, whereupon it goes high and stays high until the 
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Table 16. 


The address list for loading the integration 


timer system. 


ADDRESS 


(HEX CODE) 


S25 


ADDRESSED 


EFFECT OF WRITE 
INSTRUCTION 


LOAD COUNTER #0 
LOAD COUNTER #1 
LOAD COUNTER #2 
WRITE MODE WORD 


LOAD COUNTER #0 
LOAD COUNTER #1 
LOAD COUNTER #2 
WRITE MODE WORD 


LOAD COUNTER #0 
LOAD COUNTER #1 
LOAD COUNTER #2 
WRITE MODE WORD 


LOAD COUNTER #0 
LOAD COUNTER #1 
LOAD COUNTER #2 
WRITE MODE WORD 
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8253-1 Counter @. Frequency Reducer. Mode 2. Computer Clock 


Software 


Gate | 


Output 
(N = 3222) [dea 1 Pulse Every 


N Counts 


DELAY COUNTERS 


B253=) Counters l) "+ 2, 825e—-2eCcounters, OF “1,” 27) MODE 2 


Outpt (ofe8253-1 Clock? MPeriod.3:129 ms) 


utput ee es ena 


START PULSE TIMERS 


8253-3 and 8253-4, all counters 


Output of 8253-1 Clock 9 
N _N-l 1 i 


Delay Timer 


Output (Gate) 


Outvout 
[Start 
Pulse 

Figure 39. 


Timing diagrams for the 8253 software programmable 
counters. 
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count register is reloaded. As this only occurs when all 
the counters are being loaded, once the output has gone 
highputestays* high" itor tHe duration of all of the counting 
operations. The outputs of these 5 counters are used to 
gate 5 of the integration timer counters. They are loaded 
with sufficient counts to hold their outputs low for the 
delay intervals required to sequence the integration 
timers. 

The six counters on 8253 #3 and #4 run in mode 2 as 
frequency reducers. They are loaded with counts that 
generate pulses at periods corresponding to the required 
integration times. At the completion of each count a 
negative pulse 3.129 ms wide is generated as a start 
pulse. As the counters are 16-bit, they can count up to 
65,536 pulses of 3.129 ms and this gives a maximum 


integration time of 205 s. 


3.4 Further Processing of -tne Start Pulse 


The negative start pulse is inverted to a positive 
one and fed out to the appropriate diode array RC1024S 
control board. It opens the gate for the control board 
oscillator and also clocks the onboard flip-flop (Figure 
18) so that its output goes high. 

The pulse is also reinverted and sent to a 74148 
priority encoder. This detects which start pulse has 


occurred and translates this information into a code that 
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is the binary equivalent of the number identifying the 
array to be read out. This code is fed to the Apple 
computer through ene PAO LO ePAZ@inputs.on the D109 
input/output controller board. 

The computer program for data acquisition requires 
that the identity of the array be generated in straight 
binary. Reference to the truth table (Table 17) indicates 
that if the start pulse for diode array 0 were fed to 
input 0 on the 74148, it would generate binary 1,1,1 at 
the outputs A2, Al, AO. This is the 1's complement of the 
0,0,0 required. The outputs from the 74148 could be 
inverted but the printed circuit cannot hold another 
integrated cifcult ichip. Bihe conrect coding fat the 
outputs is obtained by connecting reinverted start pulse 0 
tO input 7 on the 7414¢0, 1 >to 6, “etc. 

The input enable is grounded so that the 74148 is 
always operating when the power is on. For most of the 
integration period the outputs will be high but this is 
immaterial as the computer only samples them after a start 
pulse has been received. 

Thesintegrated circuit chip layout for the 
integration timer board is given in Figure 40. Sockets A 
and B are wired in parallel. A plug into A transfers the 
generated start pulses to the leads to the diode array 


control boards. It also brings in the OR'd sampling 
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pulses and start pulses back from the array control boards 
(discussed in section 4 of this chapter). 

Asiplugwinto B ieee aes the start pulses to an LED 
display (discussed in: section 5 of this chapter). This 
plug also acts as a connector for the transfer of the OR'd 
sampling pulses to the trigger of the analog to digital 
converter (section 2.3 of this chapter) and of the OR'd 
start pulses to control line CAl on the DI09 input/output 
CONEL ONC me 2poard.. Socketeican smiconnected co sihe AZ, Al, AO 
outputs of the 74148 priority encoder. A plug in C 


carries these lines to the PAO to PA2 inputs on the DI09. 


A WileelMingeotonals sRequiredmoysene Computer 


The Apple computer uses the timing signals from the 
array board differently to the way they were used by the 
AIM 65 for a single array. The computer must identify the 
array about to be read out so that it can switch the A/DC 
to the correct analog channel and set up the correct 
storage addresses for the data. 

During data acquisition the integration timer system 
runs independently of the microprocessor. The first 
indication that an array is about to be read out is the 
leading positive edge of the start pulse (see Figure 
Ly). This clocks the 7/474 f11p-f£lop7 on, the *RC1L024S ‘board 


(Figure 18), sending its QO output high. The 0 outputs on 
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the boards for all 6 arrays are logically OR'd together 


and the resulting single line fed to the computer through 


control line CAl on the I/O board. The computer reacts to 


this low to high transition, reads the identity of the 
array from the 74148, and sets up the A/DC input channel 
and the correct addresses in the data storage program. 
has less than 200 us to do this before the QO output is 
cleared to low by the §%2 ODD pulse. 


The sampling pulses for all of the arrays are 


likewise logically OR'd together and the resulting single 


line fed as a trigger to the A/DC. As with the AIM, the 
first diode read out corresponds to the first sampling 
pulse received after the O output of the flip-flop is 
cleared to low. The diagram for the circuit to OR the 
signals is shown in Figure 4l. 

The computer detects the edges of the OR'd start 
pulses returned from the array boards, not those of the 
pulses generated by the timer circuit board. 
Consequently, it does not matter that the latter_are 
active for 3.129 ms. They will be gnactive well before 
the next start pulse is generated. 

With the single array system the sampling pulse was 
fed to the A/DC and the conversion completed signal was 
used by the AIM as a cue to read the data values. The 


AI13 operates differently. The A/DC operates under the 
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control of the computer which has to supply the identity 
of the analog channel and the A/DC range setting. The 
actual conversion oceues after a negative edge trigger 
(the sampling pulse) and the computer polls the high byte 
address of the A/DC for the signal that indicates the 
completion of the conversion before reading the data 
values. This slightly lengthens the time to read out a 
Single diode but the length of the diode readout loop 
Still remains less than the 100 us limit required by a 10 


kHz readout rate. 


om Auxiliary Circuits 


Sot: A Start pPulse Indvcator 

After a change has been made in the analyte 
aspirating into the plasma nebulizer, all of the diode 
arrays must be cleared by completing their current 
integration period before valid data can be taken. If 
this is not done the data would be spurious. It 1S very 
easy to lose track of the integration state of 6 arrays 
and excessive delay wastes time. A start pulse indicator 
was built as an operating aid to keep track of the 
clearing arrays. The circuit diagram is shown in Figure 


42. 


As avstart pulse occurs, 1 cloeks (a 7474 flip-flop 


and sends its QO output high and the complementary Q output 
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The-start pulse indicator circuit. 


Figure 42. 


fer 


EGZ 


low. The low Q forward biases a red LED so that it lights 
up. 

The QO outputs for all 6 flip-flops are combined 
through AND gates so that a high logic level state occurs 
after all the arrays have received at least one start 
pulse. This high level is inverted to a low level that 
forward biases a green LED causing it to light up. 

When the operator has made an analyte change and is 
satisfied that the plasma emission has restabilized, he 
presses a button that clears all of the flip-flops. 

Their Q outputs go high and all the LEDs go out. As the 
arrays complete their next integration cycle, their 
corresponding red LEDs light and when all reds are lit the 
green also lights as a signal to the operator to start the 


data acquisition process. 


5.2 Output to a Chart Recorder or Oscilloscope 
It is very useful to be able to display a digitized, 


recorded spectrum on an analog device such as a chart 
recorder or an oscilloscope. This requires reconversion 
of the digitized signal to an analog one through a digital 
to analog converter (D/AC). The circuit diagram is shown 
in Figure 43. 

The computer has an 8-bit data bus and so must 
process and store 12-bit data in two bytes. When the data 


fed to the D/AC is to be changed, it must be changed at 
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Figure 43. The digital to analog conversion circuit. 
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all D/AC inputs simultaneously. This is achieved by 
loading the output from the computer onto the inputs of 
7475 latches. The latches are then all enabled 
Simultaneously so that the data at their inputs is 
transferred to their outputs and on to the D/AC inputs. 

The digital signal is put out through the PBO to PB7 
and PA4 to PA7 ports of the D109 input/output controller 
which are dedicated to this task. (The lower ports PA2 to 
PAO are dedicated to the input of the array identity 
code.) This means that both bytes of the data values have 
to be software shifted 4 bits higher in the data buffer 
prior to loading the D/AC. 

A diagram showing the interrelationship of the 
circuitry built external to the direct reader light proof 
box is given in Figure 44. 

Inside the light proof box, all digital and analog 
signals are carried as far as is practical by coaxial 
cable to prevent cross-talk. Outside the box, the analog 
signals are carried by coaxial cable as far as the 
preamplifier. Digital signals are carried by VARI-TWIST 
flat cable between the light proof box and the Apple 


computer. 
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General diagram of circuitry outside the direct 
reader lightproof box. 
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6. The Computer Operational Plan 


The Apple computer uses 2 byte or 16-bit addressing 
and so can reference any of 65,536 memory locations. This 
may seem like a lot but a considerable portion of it is 
already committed to operating systems and language 
interpretation. That portion still available is not 
sufficient to hold all of the necessary programs and store 
the acquired data from 6 arrays. 

Because of this memory shortage, a system is used 
that makes extensive use of disk storage. This is based 
on the Disk Operating System (DOS) of the computer and the 
ease of inclusion of DOS commands within a BASIC program. 

A master program, written in BASIC, displays a menu 
on the video monitor and allows the operator to call up 
other BASIC programs from the disk. These secondary 
programs control the various operations required, calling 
up other programs written in BASIC or machine code as 
needed. For high speed operation, data logging and 
control functions are carried out by machine language 


programs with BASIC used to communicate with the operator. 


6.1 Organization of the Apple Memory Space 


The memory space allocation is shown in block form in 
Table 18. With disk operating system booted, about half 


of the memory addresses are allocated to specific uses. 
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Table 18. Memory space utilization of the Apple II+. 


ADDRESS MEMORY FUNCTION 


TO 
DOOO Prey BASIC AND MONITOR ROM 
C000 CEE I/0 RESERVED SPACE 
9600 BE D.O.S. RESERVED SPACE RAM 
7300 O5FF BINARY STORAGE AND MACHINE CODE 

PROGRAMMING SPACE RAM 
4000 T2FF BASIC PROGRAMMING SPACE RAM 


2000 3FFF HIGH RESOLUTION 


GRAPHICS PAGE 1 
STORAGE 
0400 O7FF VIDEO SCREEN TEXT SPACE 
RAM 
O3F0 O3FF VECTOR STORAGE SPACE 
RAM 
RA 


0300 O3EF AVAILABLE MACHINE CODE SPACE 

RAM 
0200 KEYBOARD INPUT BUFFER 

M 

0100 O1FF SYSTEM STACK 

RAM 
0000 OOFF ZERO PAGE 

RAM 
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In order to run both BASIC and machine code programs a 
bank of addresses had to be reserved for machine code and 
binary storage. The memory addresses between $72FF and 
S95FF were reserved by starting all BASIC programs with 
the statement HIMEM:29439 (S72FF in hexadecimal). This 
prevents BASIC use of the addresses above $72FF. $9600 is 
the lowest address used by the DOS. 

The machine code and binary storage memory was 
subdivided as shown in Table 19. 

Whenever a machine code program is called from disk, 
it is loaded into the memory space that begins at $9200. 
The scratch pad memory addresses are individually 
allocated as listed in Appendix 5. Operating parameters 
are called for by BASIC programs and then stored in the 
scratch pad area using the BASIC POKE statement. They are 
then read and utilized by machine code programs. 

The binary storage memory accommodates 4 files. 
Newly acquired data for all arrays (768 diodes) is stored 
as received in the buffer file in real time. It can then 
be relocated, if necessary, to the background raw data 
storage file. The analyte and background means files are 
used to store the mean (signal averaged) data values 
calculated through a BASIC program from the accumulated 
values in the other files. The availability of several 
storage files in RAM allows background subtraction and 


other spectrum stripping techniques to be used. 


eS 


e soasQorg shat ginkstone bre Si 
; shine shidone oe Howaewo'r af oy Bef 
q30T? noowsed Samlnenbhe  yiceale ws 
iohw emetporg St2AR Mie yibosste YF ut : 
dt ohkamtsobaiatieme GISTe) sea 
nnaet - RaSte evods “Pasaysbbs om9 bol oa! bint ein 
BOR aes vd uy Bid 


: ~~ 


~ puts 7 


Baw YVROmem mentors yrenid brut iat ake ale 

OL ofdwt ab mete et wit 

jnib wgs3 hbelico ebmmsypaag ob oniines& e 2045 
cet gs entped Savy esage idm ea ‘ositd 
‘Tisubivignl is nOzS oibhe: vapher beg 
eresomunog onisasaga sf ibang ai beteil as 
ants fd se ood Bae ames QO7n teen. ye SOP pel 
.fnemetsaie 2NOF orBAd" aed ppigu 668 mre 
aneapomy sboo palace xe pesilisv bas ~ 

<ewfLi®? s ne Jahommooos roman seats veendd 
“7028 s} ( esaeah BeT} ayers btet a0 Per poslonas 
fons to 2% bhls Loam Ap Pes e33ud. oid ak bert 4 
e?eh war be una taen ~erha es: 1yiseeenin St sbosanopered 


rs 


7 


tH gelit ensem bevowpxoad bas asuines ait oii wepex3 

agelavy sioeh lbaon.eve teagie) ieee, old erode oF 
Reekiieabit aly mao? mgord O1BAG & dguoada ‘aan 
Bites ty fo yiilicsiieve oft welt? eras ort ‘als 


| ie shktows.sdee hnuosgsaed mwolle 


‘ 


Py 


169 


Table 19. Utilization of protected machine code and binary 


data memory space. 


HEX 
FROM 


9200 
8900 


ADDRESS 
TO 


95FF 


91FF 


S88FF 


7 FFF 


Es 


/SEF 


MEMORY FUNCTION 


MACHINE CODE PROGRAMMING SPACE 
BACKGROUND RAW DATE FILE 
INPUT BUFFER (DATA FILE) 
SCRATCH PAD MEMORY SPACE 


ANALYTE MEANS FILE 


BACKGROUND MEANS FILE 
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6.2 Programming 
When the computer is booted with a disk loaded with 


the direct reader icine system programs, the main 
menu, Shown in Figure 45, appears on the video monitor. 

The various options listed can be called up through 
the master program by entering the selection number, or 
called directly from the disk by the DOS command RUNSEL 
followed by the number. 

All of the programming techniques are described and 
the programs listed in Appendix 6. Their general 


functions are briefly described here. 


Gece) (lee Det ines the \Integuation: Times 


The program asks for the integration time for each of 
the 6 arrays. The entered values are corrected to valid 
values and entered into scratch pad addresses. The 
machine code part of this program then loads the necessary 
count values into the 8253 counters on the integration 
timer circuit board and starts the integration cycles. 

The RESET key on the Apple cancels the operation of 
the integration timer board but does not affect the data 
stored in scratch pad memory. To save time, a quick 
reload option (no data entry required) is included in this 


program. 
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Figure 45. 
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The direct reader operating system main menu. 
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6.2.2 2. <Acquire Sets Of Data Points 

This program requires two input parameters for every 
array. These are lhe gain code to set the range for the 
AI13 analog to digital converter and the number of 
replicate runs to be taken for signal averaging. Again 
there is a quick load option (no data entry) but in this 
case it is to keep the parameters constant for a series of 
analytical runs. The machine code portion of the program 
is rather complicated as it involves control of the A/DC 


and storage address selection as well as data logging. 
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This 18 a variation Of selection 1 and is used to 
control the integration time of a single array during the 
setting up and tuning of the array system. It allows 
integration times as short as 0.018 s for a single array 
while, the other 5 have -an integration, time of 205. s. ,Iit 
can also be used to collect data values for a very intense 
spectral emission that would saturate the array if run at 
the 0.1001 s minimum integration time allowed by selection 


1. 


6ict2 ie as Subtract Background and Store as Means 


This program subtracts one set of spectral values 


from another; if necessary, it calculates mean values 
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first. It can accept data in raw form or as precalculated 
means. The data can be in the computer's RAM or stored on 
disk. The main Berane OES to subtract the background due 

to dark current or the spectrum of aspirated water from an 


analyte spectrum. 


622.9 Ss ».Dispilay Graphically on This Screen 


This is a BASIC program that presents the data for 
any Single photodiode array in graphical form on the video 
screen. The axes of the display are labelled with the 
voltage range of the A/DC, the diode numbers and the array 
number. The resolution of the photodiode signal intensity 
TSE ONLY LO v= Dit Chi leo) yooeett 1s. Very useful: for. 
detecting major spectral interferences and the condition 
of the background. There is provision for the addition of 


a title and the graph can be printed out. 


6.2.6 6. Save Data on Diskette 

The contents of any binary data file can be saved on 
a disk. in drive. 2... Two. files, are saved with a single 
instruction. One is the binary data file and the other 
corresponds to the portion of scratch pad memory that 


contains the parameters used to collect the data. 


65.2.4. BOULDUL LO an Oscilloscope 


The data stored in the input buffer are displayed on 


an oscilloscope. 
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Gt2 15.2 8S. Output to a Chart Recorder 


The tdata stored ins the input buffer are fed out toa 
chart recorder. The output rate can be controlled to suit 


the response speed of the recorder pen. 


O27 29: Tc FD, Display Values on This Screen 


The program calculates and displays the data values 
POrtalltor a selected group of diodes on any array. The 


values are displayed as voltages and can be printed out. 


Ore. 2 Ye) OP Smooth =(Pair Average) the’ Input’ Butter 
The ODD-EVEN pattern of the diode array Signal is a 


considerable problem. Other workers have read the diodes 
out in pairs to avoid this [30]. Another approach has 
been to smooth out the signal by use of a notched filter 
set at a frequency below that of the diode sample pulse 
rate [49]. Both of these approaches lose some of the 
spectral resolution obtained from the use of the diode 
array. This program achieves the same object through 
software but retains more data points and hence loses less 


resolution. 


O21 a ODtaln Data Values. froma File 

The program evaluates the background near a specified 
spectral feature on any diode array and uses the 
background value to correct the peak height. The operator 


can control the selection of the diode values used to 
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calculate the background to suit the interferences present 


on the array. 


6.2.12. 412...Calculate, Concentrations 

The program allows the calculation of the 
concentrations of several analytes from their peak heights 
by linear interpolation between values for calibration 


standards. 


In addition to the direct reader system programs, two 
more have been written to assist in the placement of 
arrays. These are on a separate disk which also contains 
a set of text files compiled from the table of prominent 
lines in the ICP published by Winge, Peterson and Fassel 
[43]. The program ARRAYSET allows the compilation of a 
text file containing the prominent lines of selected 
elements in up to three spectral orders. These are sorted 
into wavelength order by means of a very fast machine code 
order sorting program developed by Bongers [50]. The list 
can be displayed and printed out for use as an aid in the 
selection of diode array positions along the focal 
plane. The program LINELOC converts the spectral position 
(wavelength multiplied by order) to a window position 
along the focal plane of the direct reader. An example of 


the use of these two programs is given in Chapter VI. 
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i igs Engineering Considerations 


The operation of six arrays in a confined space 
required careful planning of the services to each array. 
Because the positions of the arrays had to be adjustable 
Over a wide range of distance along the focal plane of the 
direct reader, all service lines had to be flexible and 
arranged so that they could be kept in an orderly 
fashion. Services had to be obtained from available 
sources and supplied through distribution systems so that 


all of the arrays received the same quality of supply. 


Tel" Cooling Considerations 


The photodiode arrays require cooling to reduce their 
integrated dark current. Two coolers had been used for 
the single array system, based on miniature Peltier effect 
heat pumps (Figure 8) and larger ones (Figure 9). The 
larger pumps were more effective in cooling the array but 
would have suffered from three disadvantages in a six 
array system. These were: 

i. They were bulky and required special insulation of 
their large cold surfaces to work efficiently. 

Vis They consumed a considerable amount of stable DC 
power. 


iii. They required a lot of water to cool them. 


ers : at en 


Z ’ eat iy Pitas 


AO mae pontine. 4 ol were. ee re not Serene a 
verve eee o sod ivise wid 20 vii te 
intact be sd of hat -ayeits ety 50 ‘seal sheeq (an 
42% stale (eek aa wth bs sure sesh ms - , 
ie ataieeta ae Sl Bet aaniel sotvase 
yizehwe Ae a) icet sd Hives wads ‘waa 
oldeliave max} Bentiedde sd 99 Gad “Be lvs 
acoseye ool ive: teif?. dpyoans bottagua t 


Vig@wea te et Laan, NBG ots bevieoar Byay36 8 


batanns o> ‘poh fe 

eohet oF orbloon Gite ager sartosaiig\s a 

303 teen coed al éxetoos owt! anertln suet)’ 

220 retsiet wa03 sinia/ no Bema. meses eines 

nog th eee neqiaketinn? ‘ esugis) - 

ud yotss edt gp ifoes nt) St RaaeRRe er6m oxemantyiag ts 

cle c wi segndeavbasis ahaa Mord beh Sue auth 
‘petew paest “em 


" 7 ie > 
Z : al 


bh nbisetgon kuna rere bere ‘ya tad sre 
*‘¥isgaetoltise snow oo eeostaya = comme 3 


ate ig ae 


; : ; y 7 - y a : 7 u ' 
A :* f 7 eh 
; i 
t : : : _ . _ 7 
ra N i } i oe ; at i} 
oti bd ” ; Ee rh a i : i ¥ : ; ‘ - is Fr) oe en ca ity : 
d Cook ; i 1.9 a 
aoe ae a 1 a wis 


be 


The design of the coolers based on the miniature 
Peltier heat pumps was re-examined. Redesign allowed the 
number of pumps to be doubled, from 2 to 4, and also 
increased their efficiency by improving the heat transfer 
from the array to the heat pumps. During trials it was 
found that this arrangement would cool the back of the 
array by 34°C below the temperature of the tap water 
supply (14°C in February) to -21°C and this was considered 
to be adequate. If the temperature should need further 
reduction, at some future date, the cooling water could be 
replaced by a cooling fluid supplied from a refrigeration 
type of chiller. 

The four Peltier heat pumps for each array cooling 
system were electrically connected in series and drew 2 A 
at 6 V. Sufficient power supplies were available to 
supply the 12 A required. 

The cooling water supplied to the hot side of the 
Peltiers had to remove 6.24 watts of pumped heat and 12 
watts of I?R heat from each array cooling system... These 
18.24 watts are equivalent to 4.4 gm calories per 
second. This would require a water flow rate of at least 
5 ml/s as efficient cooling requires that the water 
temperature rise be kept as low as possible (1°C). The 
constrictions within each cooling system would cause too 


much back pressure if all six coolers were connected in 
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series with a water throughput of 30 ml/s. Consequently, 
the water supplied to the coolers had to be drawn in 
parallel off a mani Pod di: All water hoses were cut to the 
same length in an attempt to equalize flow rates. 

The dry nitrogen necessary to prevent fogging of the 
cooled array was fed to the six arrays through a 
manifold. Its pressure was controlled within the range of 


8-15 cm of water head pressure. 


7.2 Power Supplies 


The power supplies for the 6 array control boards and 
for the Peltier coolers were distributed through sets of 
sockets fitted with irreversible plugs to maintain correct 
polarity. The general layout of the services within the 
direct reader light proof box is shown in Figure 46. 


Details of the power supplies are given in Appendix 7. 


7.3 Location of the Plasma Power Unit 

The RF generator for the ICP is cooled by a blower. 
Vibrations from the fan were picked up by the direct 
reader light proof box during the single array trial. The 
effect of the vibration on the stability of the system 
could be observed by watching the oscilloscope pattern of 
the array readout at short integration times. During an 
eight hour run of the system, the vibration was sufficient 


to move the spectral peak by one diode along the array. 
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For the multi-array system, the power unit was moved out 
of the room, taking advantage of the* 13 £t.-long cable 
connector between CHEM BSE supply and the matching 
network at the plasma head. This effectively removed the 


vibration problem. 


This completes the description of the design and 
construction of the multi-array direct reader. Its 


utility is described in Chapter VI. 
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CHAPTER VI 
USE OF THE PHOTODIODE ARRAY DIRECT READER 


The photodiode array direct reader has to be 
evaluated as a spectrometer. 

The data presented in Chapter IV have shown that, 
when allowance is made for the instrumental effects caused 
by the diffraction grating, the photodiode array spectral 
windows have detection limits equivalent to those obtained 
with a photomultiplier tube system. This chapter 
describes how the spectral windows obtained with the diode 
array system can be applied to the problems associated 
with photomultiplier tube systems described in Chapter 
I. Where a background correction is applicable it is 
applied. Where this is not possible, due to gross 
interference, an approximate correction may be made. When 
corrections are not made, knowledge of the existence of an 
interference may prevent inadvertent release of incorrect 
analytical data. 

Background corrections are usually calculated from 
data obtained from the array recording the analyte 
emission but, in the case of direct line overlap, they can 
also require calculations from data obtained from other 


arrays. 
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In order to demonstrate the versatility of the 
system, the direct reader is set up and used to solve an 


analytical problem. 


isoecpectral» Resolution 


One of the criteria for evaluating a spectrometer is 
its ability to resolve two closely spaced lines. The 
photodiode arrays record spectral measurements at 0.014 nm 
intervals. A study was made of the resolution of pairs of 
lines of approximately equal intensity by recording the 
spectra of doublets. 

The diode array will not resolve Li I 670.776 nm from 
Li I 670.791 nm as these lines fall on adjacent diodes. 

It will resolve Na I 330.237 nm from Na I 330.298 nm where 
the peaks are 4 to 5 diodes apart. It will resolve B lI 
249.773 nm from B I 249.678 nm where the peaks are 7 
diodes apart. It will resolve Na I 588.950 nm from Ar I 
588.858 nm sufficiently for a corrected value to be 
obtained at the ppm level. 

It has shown a dip between Fe II 263.132 nm and Fe II 
263.105 nm, two lines of equal intensity 2 diodes apart. 
However this took careful adjustment of the position of 
the diode array. Differences in wavelength of this order 
(.027 nm) which have only a single diode separating the 
peak diodes would not be resolved with normal direct 


reader usage. 
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Some examples of resolution are shown in Figure 47. 

In general usage, the photodiode arrays show 
separation (but not to the base line) of two peaks of 
Similar intensity if they are 4 diodes apart (.06 nm) and 
for two peaks with a considerable difference in intensity 
if they are 7 diodes apart (.1 nm). This may be enough to 
allow for peak height correction unless one of the peaks 
shows considerable pressure broadening or is a strong 
enough emission to saturate the photodiodes. 

The resolution of a ‘pair of spectral lines is 
dependent on their individual line widths. This in turn 
depends on several factors including the source, the 
entrance slit, the diffraction grating and the spacing 
intervals permitted for the detectors. 

Within the spectral source the line width is 
controlled by several effects [12]. The natural line 
width at half intensity arising from the application of 
the Heisenberg uncertainty principle is generally of the 
order™of 12 im, which, is) insignificant. \ Dopplersbroaden=- 
ing leads to half intensity line widths of the order of 
f0O2 nm to .001 nm. sGollision or pressure broadening 1s 
much more important, particularly when strong Stark effect 
occurs! as it doesfwith certain ion lines. The line width 
at half intensity is widened to about .03 nm for Ca II 


393.366 nm but the major effect is on the spread of the 
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Lithium Doublet at 671 nm 
4 seconds integration 
10 ppm Li 


670.776 
670.79 


Of 20.0 nm 671.0 670.3 
Wavelength nm 


Sodium Doublet at 330.2 nm 


100° seconds integration 


100 ppm Na 
S505 290 B30.257 
0 
331.0 330.0 Pisa 
Wavelength nm 
ate 
Boron Doublet at 250 nm 
a 50 seconds integration 
2OOsppmeB 
ont 
249. b13 249.678 


250.0 249.0 248.5 
Wavelength nm 
Figure 47. Spectral resolution with the photodiode array. 
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wings of the line which extend over more than 1 nm. 

The fixed width of the entrance slit sets a minimum 
image width of the Hae at the focal plane of the 
instrument of 25 um, equivalent to a spectral width of 
0.014 nm. 

Rayleigh's criterion for the resolution of two 
Spectral lines is that one line be separated from the 
other by at least half of the distance between the first 
minima of the sinc* function of the line. This depends on 
the number of lines ruled on the diffraction grating and 


for first order spectra is given by 


A. = total number of lines 

The direct reader grating is 63 mm wide with 1,180 lines 
per mm to give a total of 74,000 lines. The value of AA 
(resolvable line interval) lies between .0027 nm at 200 nm 
and .0103.nm at 760 nm. 

The diffraction grating may cause additional line 
broadening due to astigmatism. 

The photodiodes on the array are spaced at 25 um 
intervals. .Actually each photodiode records all, of ithe 
bight, falblingon 4a 13 um width: and part of (the: tight 
falling onwomele um width. on either.side (Figure: 3). 1t 
will thus show some response to light over a spectral 


range of .02 nm. Thus the diode interval and the entrance 
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slit width are the limiting factors governing the 
resolution except for cases of strong collision broadening 
Or astigmatism. 

The 25 um diode interval is approximately correct for 
the direct reader system. If it were much smaller, the 
entrance slit would have to be reduced to obtain better 
resolution. The Doppler effect might also come into play 
especially for the lower atomic weight elements excited in 


the hottest part of the plasma. 


2. Wing Overlap 


Spectral line overlaps restrict the use of some 
emission lines for analytical purposes with a 
photomultiplier tube system. This can be a major problem 
with an analytical sample containing many different 
elements. In some cases the most strongly emitted line 
cannot be used and the weaker lines chosen reduce the 
sensitivity at low concentrations. Wing overlap occurs 
when the peak height of an analyte line is increased by 
some portion of the emission of a nearby concomitant or 
carrier line. This is particularly important with the 
inductively coupled plasma source as collision effects can 
spread the wings of a line over 1 or 2 nm. Wing overlap 
may also involve argon lines which tend to be variable in 


intensity. Argon lines are not a problem below 300 nm 
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wavelength but have to be considered when such low 
wavelength ultraviolet lines are used in second order 
oy. 

The diode array output for a 15 ppm solution of 
sodium is shown in Figure 48(a). The Ar I line at 588.86 
nm is stronger and broader than the Na I line at 588.99 nm 
and causes considerable wing overlap. Because of this, 
the weaker 589.59 nm line is generally used in direct 
readers. The value of the argon line could be cancelled by 
subtracting the spectrum of water (to give Figure 48(b)) 
but this would require a separate analytical run and would 
still have the chance of error due to variation in the 
argon emission. The diode array allows an alternative 
method. 

The argon line is broad and symmetrical. Although 
its intensity may vary, its position does not. It has 
been established that a good value for the emission due to 
argon at the wavelength corresponding to the sodium line 
can be obtained from a measurement on the opposite side of 
the argon line. Thus in Figure 48 the sodium line peak is 
at diode number 90. The argon emission at this diode is 
the samebas that atudiode. (05, within. theanoiseadimats..of 
the array. The sodium line is relatively narrow and at 
such low concentrations does not have any significant 


effect on the signal received by the array 15 diodes away 
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10 seconds integration 
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Figure 48. The 589 nm doublet for sodium (15 ppm Na). 
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from its peak. The two subtraction methods are compared 
in table 20 for five different samples with a sodium 
concentration range of from 4 to 20 ppm. 

The effect of a high concentration of calcium on the 
aluminum line at 396.2 nm is shown in Figure 49. The 
curved baseline is due to the line falling on the extended 
Wang of calcium.tl2396. 8onm. The*-aluminum Jine is also 
affected by wing overlap from the line, also due to 
calcium, next to it at *3965:0. nm. 

Sufficient of the curved baseline is present to allow 
the use of a curve fitting computer program developed by 
Warme [52]. This program is used to estimate the position 
of the baseline beneath the aluminum line. The program 
uses a least squares fit to select a polynomial equation 
for the curve. It has to be used cautiously as it tends 
to attach too much siqniticance to the irreguiar 
variations in the curve. It may be possible to develop a 
more suitable program based on the expected profile of the 
broadened line. Larson and Fassel [12] refer to the Voigt 
profile which is a combination of Gaussian shape due to 
Doppler broadening, and Lorentzian line shape due to 
collision broadening. 

The estimated background level did not completely 
correct for the calcium presence. The corrected values 


for aluminum were up to 20% high for aluminum 
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Table 20. 


oo 


Comparison of two subtraction methods for the 
removal of the argon interference on the sodium 


589.0 nm Dine. 


Peak Height in Volts Normalized 
To 1 Second Integration 
Water Spectrum Wing Value 

Subtracted Subtracted 
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Figure 49. Interference by 100 ppm calcium on the aluminum 
ine satee Io oc uni (2.5) ppm Al). 
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concentrations in the 2.5 to 10 ppm range. Some of this 
would be due to the wing overlap of the adjacent calcium 
line. | 

The collision broadened wings of the calcium line 
extend at least 2 nm from the line centre. Calcium, like 
the other alkaline earth elements, is highly ionized in 
the ICP and the ions undergo *81/2 = *P3/2,1/2 transitions 
to give spectral doublets corresponding to those given by 
the alkali metal neutral atoms. The emitting species is 
positively charged and exists in an atmosphere rich in 
free electrons. The ions are thus exposed to intense but 
variable electric fields. These fields cause 
perturbations in the energy levels of the single outer 
electron of the ion due to the application of the linear 
Stark effect. These energy level changes force variations 


in the spectral transitions and lead to line broadening. 


3eenDi tect “Spectral. Overlap 


Direct overlap occurs when two spectral lines are 
close enough together so that their peaks cannot be 
resolved. This is a major problem with direct readers as 
very minor spectral lines of a concomitant element can 
cause significant spectral interference if the concomitant 


concentration is much higher than that of the analyte. 
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The only solution is to calculate the signal due to 
the concomitant by meaSurement of its concentration with 
another spectral Wine The apparent analyte concentration 
due to the concomitant is then subtracted from the 
measured analyte signal. Not all spectral overlaps are 
Obvious and for those overlaps for which corrections are 
applied there is a deterioration of precision for the 
analyte due to the addition of the further uncertainty 
associated with each concomitant. 

A direct overlap occurs when traces of zinc are 
determined in the presence of high concentrations of 
eopper or nickel. “The: zine ‘ine’ at 213.86 nm is 
overlapped by the minor copper line at 213.85 nm or the 
nickel Line. at 213.86 nm. 

The direct reader was set up with three photodiode 
arrays covering the zinc 213.86 nm line second order at 
7-72 nm, thegcoppereiine aw 324275 nm and the nickel 
line at 352.45 nm. There was a fortunate coincidence of a 
weak copper line at 427.51 which was recorded by the same 
array as the zinc line. The test solutions were 10 ppm 
Zine with V5005ppm ofsicopper or nickel. Solutions ‘of 
copper and nickel (2000 ppm) were used as standards for 
calibration. The copper interference is illustrated in 
Figure 50. The minor spectral feature of copper causes 
Significant interference when present in a much higher 


concentration than the zinc analyte. 
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Figure 50. Direct overlap of copper on zinc. 
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The corrective process is illustrated by Table 21. 
The correction calculated was a little low for the copper 
concomitant and too high for the nickel. The nickel 
correction error appears high until one considers that it 
involves a total measurement error of less than 4 mV. The 
Standard deviation of the background against which the 
Zine Signals~are measured as~of—the-“order, of -1.5 to 3 mV 
and the calculation involved the use of four sets of 
measurements (2 of the standard nickel line and 2 of the 
Zine line!) and then comparison iwith’ a fifth. 

The errors illustrate the difficulty associated with 
direct overlaps. Other workers have reached similar 
conclusions. Foster, Anderson and Parsons [51], following 
a basic study with a scanning echelle monochromator, 
State, *~Dimecti spectral overlaps are: not totally 
correctable and cause deterioration of detection limits 


and nonlinearity of analytical curves." 
4, Recombination Continua 


The recombination of the singly «charged ions of 
calcium, magnesium and aluminum with electrons in the 
plasma is known to raise the background level for spectral 
measurements at wavelengths below 302 nm. The effect on 
the background level was investigated by including 500 ppm 


of calcium, magnesium and aluminum (separately) into test 
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solutions containing 100 ppm of zinc and cadmium. The 
background was measured for the Cd I line at 214.4 nm and 
the Zn I line at ate) a in both first and second 

order. No significant changes were noted in the diode to 
diode variation or in the background level. 

Another wing overlap was noted between calcium I 
428.936 nm in first order and cadmium 214.441 nm in second 
order at 428.882, illustrating again the advantage of 
having a spectral window (Figure 51). If the 
recombination continua had significantly raised the 
baseline, the use of off-peak diode measurements to 
calculate the background would have automatically 


eorrected for rt. 


ON Stray Light Due to Grating Defects 


There are three relatively strong emission lines in 
Figurer49, all fue to calcium. Pihey vare at 396.0 nm, 
395.2 nm and 394.9 nm. Not one of these lines appears in 
any published table of atomic emission lines. They are 
all Rowland ghosts caused by periodic inaccuracies of the 
machine that ruled the master diffraction grating. They 
are relatively intense because their parent lines are 
extremely strong emissions. The line on the right appears 
broader than its neighbour because it has a stronger 
parent and also because it cannot be resolved from the 


adjacent argon line at 394.9 nm. 
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Figure 51. Wing overlap of calcium (50 ppm) on cadmium 
(100 ppm). 10 seconds integration. 
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By use of separate measurements, the peak height of 
these ghosts was compared to that of the calcium II line 
at 396.8. nm. Reading from left to right in Figure 49, the 
peak heights of the calcium ghosts compared to the 396.8 
nmeparent are .0032, 920075 and ..0077. The first line is 
the first order ghost from the 396.8 nm parent, the second 
line is the second order ghost from the same parent and 
the third line is the second order ghost from the parent 
Ca, line at 393.4i nm. 

The diode array window is not wide enough to show the 
whole symmetrical pattern of the ghosts. By moving the 
array along, the focal planesot@tne direct. reader, the 
whole pattern can be found. This is illustrated in Figure 
52 which also shows how the broad wings of the parent 
lines can dominate the background for any other elemental 
lines in this region of the spectrum. 

More modern gratings ruled with interferometric 
control are claimed to have first order ghost to parent 
intensity ratios of .00001 [10]. Holographic gratings are 
now being offered that are ghost free. 

The ghost intensities illustrated by Figures 49 and 
52 seem excessive in comparison to those seen with a 
modern monochromator. However it must be considered that 
the direct reader was obtained as a working instrument 
from an industrial installation with the grating quality 


probably typical of those made at the time. 
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A 396.8 
a! 396.8 
a'! 396.8 
B 393.4 
b' 393.4 
bi 39944 
Faqure. 52. 


nm parent line (array saturated) 


nm first order ghost 
nm second order ghost 
nm parent line (array saturated) 


nhutirst order (ghost 


nm second order ghost 


The Rowland ghosts associated with CalII 396.8 
andvearti 595 .4enm: 
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The grating defects characterize the ruling engine 


used to make the master grating. 


The spacing of the ghosts is given by [11] 


where A is the wavelength of the parent line, ’A' is the 
wavelength of the ghost of order m', m is the spectral 
order of the parent line and n is the number of lines 


ruled per turn of the lead screw of the ruling engine. 


For example, an engine ruling 500 lines for each full turn 


of the lead screw would expect to have ghosts at intervals 


of .79 nm in the spectral region of these lines and this 
approximates the spacing observed. 


The relative intensity of a ghost is given by [53] 


I OAS 
Tin © 


2 
a 


where m is the order of the ghost, e is the displacement 
of the periodic error, and a is the gorrect grating line 
interval. 

If the first ghost is taken as first order, the 
displacement can be calculated as 1.8%, which for an 
engine ruling 1,180 lines per mm corresponds to a 15 nm 


error in the accuracy of the lead screw. 
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Returning to the problem of interference with the 
aluminum line, there is an alternative aluminum line at 
394.4 nm. This is Onis 60% as intense as the line at 
396.2 nm but for this grating and for a matrix high in 
calcium, it is the better choice because it lies further 
from the first order ghost, in this case, of the calcium 
393.4 nm line. Thus the spectral window provided by the 
photodiode array supplies the necessary information to 
select lines to suit the matrix as well as the means to 


allow such a choice. 


6. Interference from Molecular Bands 


All of the spectra considered so far have been due to 
electronic transitions within an atom. However certain 
molecular species can also exist in the plasma and these 
undergo vibrational and rotational transitions as well as 
electronic ones. Just as the rotational transitions add 
fine structure to vibrational spectra in the infra-red 
region, so the rotational and vibrational transitions add 
fine structure to the electronic spectra in the visible 
and ultraviolet region where they cause spectral 
interferences. 

The main molecular species that can occur in atomic 
spectroscopy are CN, NO, NH and OH. With the inductively 


coupled plasma source CN bands are not a problem if 
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Organic compounds are avoided. If the flow rate of the 
plasma (coolant) gas is high enough, the NO and NH spectra 
are not a problem. However the OH bands are always 


present when aqueous solutions of analyte are used. 


6.1 Problems Caused by Hydroxyl Bands 


Dieke and Crosswhite [54], working with an oxy- 
acetylene flame source and a 21 ft radius diffraction 
grating, identified hydroxyl lines over the range 281.1 nm 
to 354.6 nm. Many of these lines are of low intensity and 
so do not cause interference but some are intense enough 
to cause serious problems. According to Foster, Anderson 
and Parsons [51], the ICP background contains 116 major 
hydroxyl features between 281.0 nm and 294.5 nm and a 
further 180 between 306.0 nm and 324.5 nm. 

As a typical example of the interference caused by 
hydroxyl, consider Figure 53 which shows the aluminum 
lines at 309.3 nm and 308.2 nm for a 10 ppm solution and 
10 second integration time. The aluminum I 309.3 doublet 
(unresolved) and the aluminum I 308.2 line are obvious but 
the background shows other spectral pestures as well as 
the odd-even pattern of the array. It is not clear which 
values of background could be used to correct the aluminum 
values. 

In order to characterize the background, the array 


was retuned to minimize odd-even pattern and the spectrum 
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Figure 53. The aluminum lines at 309.3 nm and 308.2 nm 


showing hydroxyl bands. 10 ppm Al. 
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due to aspirated water obtained. This is shown with the 
Signal axis extended in Figure 54, All of the peaks are 
due to hydroxyl and et be assigned to transitions using 
the tables published by Dieke [54]. The aluminum I 
doublet at 309.271 and 309.284 nm is augumented by the 


hydroxyl peak at 309.279 nm with another more intense 


hydroxyl peak close by at 309.239 nm. The aluminum I line 


at 308.215 nm lies in a trough between the major hydroxyl 


peaks but has a minor peak at 308.207 nm on the next diode 


which, combined with the effects of major peaks at 
308.167, 308.162 and 308.154, raises its background level. 
Corrections would be required for both the 309.3 and 
308.2 nm aluminum lines. There are two possible ways to 
correct for the hydroxyl interference. One is by direct 
subtraction of the water signal and depends for its 
precision on the water signal being constant. The other 
method is by estimating the contribution of the hydroxyl 
emission from another hydroxyl peak on the same array but 
away from the aluminum lines. Neither method is really 
satisfactory. The water subtraction .is shown in Figure 
55. The peak height for aluminum at 309.3 nm after 
subtraction of water background was .03973 V with a 
background standard deviation of .00232 V (4 points). 
However the standard deviation of the water background 


calculated from 4 runs was .00725 V. Thus the variability 
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Figure 54. The hydroxyl pattern for water in the 308 nm to 
309 nm range. (The arrows indicate where the 
aluminum lines would be.) 
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Figure 55. The aluminum lines at 309.3 nm and 308.2 nm 
after water background subtraction. 10 seconds 
integration. 10 ppm Al. 
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of the signal due to the hydroxyl background reduced the 
Signal to noise ratio of the analyte line from 17 to 5.5. 

Aluminum has its three most sensitive lines subject 
to spectral interferences. This has led to the use of the 
doublet at 237.3 nm for aluminum in photomultiplier tube 
based direct readers. In order to ease the crowding of 
the focal plane array of a direct reader in the 
ultraviolet region, this emission may be viewed second 
order where it is within .05 nm of a weak argon line at 
74.7 mmploll sa ithis type of close proximity of spectral 
lines to potential interferences forces the instrument 
manufacturer to use narrow exit slits and to go to 
considerable trouble to maintain constant optical 
positions for the exit slits. This may involve 
thermostatic control of the whole direct reader dark box 
and the maintenance of a constant atmosphere within it. 

The hydroxyl spectra are much weaker in the region of 
the copper I line at 327.4 nm. Integration times of ten 
times those used for the aluminum area were required 
before they became significant (100 seconds versus 10 
seconds). They are illustrated in Figure 56. Again 
Dieke's tables [54] allow the peaks to be assigned to 
transitions. 

The 327.396 nm copper line is close to a hydroxyl 


line’ at 327.421 nm. The alternative copper line in the 
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Figure 56. 


Wavelength nm 326.4 


The wmnyarexyl pattern in the 327 nm to 326 nm 
region for 100 seconds integration. 
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Same region at 324.754 nm is close to the hydroxyl lines 
at 324.736 nm and 324.762 nm. However the intensities of 
the hydroxyl lines, as measured by Dieke, are about one 
fiftieth of those in the aluminum region and this reduces 


their effect on the detection limits of the analytes. 


6.2 Problems Caused by Nitric Oxide Bands 


The cadmium II line at 214.4 nm is in the same 
spectral region as a NO band head if the molecular bands 
are present. The spectrum recorded for 50 s integration 
time of a 1 ppm cadmium solution is shown in Figure 57. 
The cadmium 214.4 nm line is shown in second order at 
428.9 nm. The black arrows indicate single diode 
anomalies that become significant at long integration 
times. The features marked b and the general increase in 
background towards the lower wavelengths are present in 
the spectrum of water and may be due to molecular spectra 
OF ato. stray =hight, 

Because the spectrum is second order, direct 
assignments are difficult to make. The y system of NO 


bands, that has been observed for the ICP at low plasma 


gas flow rates, has a band head at 214.91 nm (429.82 nm in 


Second order jo \)55)y —gust to the left, of the array. 
Application of a pair averaging technique to reduce the 
effect of the odd-even pattern to the left of the array 


indicated only a slight rise in the background towards 
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Figure 57. Background patterns near the Cadmium 1p 214.4nm 
line (second order). 50 seconds integration. 
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longer wavelengths, not as large an effect as that to the 
right, lower wavelength end, of the array. Although no 
direct assignments Conaid be made, there are enough 
background features to complicate the read out of the 


cadmium signal. 


7. (Use of athe »Direct.sReader »for, Analysis 


One of the advantages that the photodiode array has 


over the exit slit-photomultiplier tube combination is the 


ease of location of spectral lines. This allows the diode 


arrays to be moved along the focal plane of the direct 


reader to suit the analytical problem. Because the 


detectors are easily moved, the number of detectors can be 


reduced. Banks of 40 to 60 exit slits each with its own 


detector are no longer necessary. The diode arrays can be 


placed to detect the elements of interest in a particular 


analyte matrix. Where direct overlaps occur, the 


overlapping elements also need to be determined. A single 


array can be used to measure several elements provided 
that spectral lines are chosen to suit the concentration 
ranges of the various analytes. A single array can be 


used to record spectral emissions of different spectral 


orders. Examples of this have been illustrated in Figures 
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To demonstrate the flexibility of the photodiode 
array direct reader it was set up to measure the main 
metallic elements in stvebal commercial bottled waters. 
Three bottled waters from three different sources were 
obtained. To add variety a locally produced beer, a local 
well water and the municipal supply were also analyzed. 

The elements determined were calcium, iron, 
magnesium, manganese, sodium and strontium. Potassium is 
also usually present in water samples but the potassium I 
404 nm doublet is too weak an emission for analysis of ppm 
level concentrations. The much stronger emission at 766 
nm is just outside the normal geometric range of the 
direct reader (it could be brought into range if a shorter 
array carriage could be made). Zinc is also of interest 
but it could not be obtained simultaneously with the other 
elements because of the limited window of the diode arrays 
compared with the width of the array carriage. 

The Apple II+ computer was booted using the disk 
ARRAY SELECT. The program ARRAYSET was loaded and_ the 
spectral text files for the 7 elements (including zinc) 
entered. This gave an initial ordered list of 141 
spectral features each showing its spectral position, 
element, species code (atom or ion line), wavelength, 
relative detection limit (ppb from Winge's table [43]) and 


spectral order. 
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Most of these features were ruled out as analytical 
lines by considering the instrumental limitations of the 
direct reader combined with some knowledge of the 
concentration ranges be expected. The remainder were 
carefully examined and eventually four spectral windows 
were chosen to cover the following spectral features:- 

Array 0 
Mn I 260.6 nm 
Ferry i259 49am 
Pes 2 ls 2259 2-0.m 
Fe. 260.7 nm 
Array l 
MG; 12. 293.7) nm 


Mn 2935 3 anm 
Mn IT 293.9 nm 


Caner 422, 7° nm 
Sr. 147) 6.0m 


Na I 589.0 nm 
Na I 589.6 nm 


The array carriage positions were calculated using 
the program LINELOC and finally placed along the focal 
plane of the direct reader using the signals from 1000 ppm 
solutions of the various elements. 

The time taken for the set up operation was 
approximately 2 hours. Planning the layout took slightly 
more than an hour. Moving the array carriages and the 
RC1024S boards, tuning the arrays and locating the lines 


took 50 minutes for all four arrays. 
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Solution standards were prepared at high and low 
concentrations for the elements of interest. The 
concentrations were selected to straddle the expected 
ranges of the elements in the samples. The samples were 
analyzed with the integration times for the various arrays 
selected to bring the signal values within the dynamic 
range of the arrays. Data values were extracted from the 
array Signals and concentrations calculated by linear 
interpolation of the values for the solution standard. 

The iron II line at 259.9 nm was subject to 
background pattern and gave signals with considerable 
variability so it was not selected as an analyte line. 

The results are given in Table 22 and compared to 
values quoted on the bottle labels and to a previous 
sampling of the local waters analyzed last year with a 
photomultiplier tube based direct reader. 

The precision (relative standard deviation) of the 
measurements of the calibration standards were in the 1 to 
3% range for calcium, magnesium, sodium and the higher 
level of strontium. The precisions of the analyte runs 
for the major elements varied from less than 1% to 12% 
with one exception (magnesium in municipal water had a 
relative standard deviation of 30%). 

For manganese the relative standard deviation was 10 
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concentrations of manganese and iron necessitated the use 
of long integration times with consequent build up of 


background irregularities. 


8% Background Subtraction and Other Correction Methods 


The photodiode array output displayed on the video 
monitor allows direct inspection of the background against 
which the emission Signal must be meaSured. With the 
exception of direct overlaps, all interfering spectral 
features become obvious. Because both the analyte line 
and the background are recorded by the data logging 
system, and if required saved to disk, the correction 
method can be selected and applied later. 

Background corrections can involve the complete 
subtraction of a measured background spectrum or the 
calculation of a baseline value from off-peak diodes of 
the same analytical run or both. If the background level 
is reproducible between data measurements, a simple 
background subtraction is sufficient. However, especially 
with measurements involving long integration times for low 
analyte concentrations, it is usually followed™@by, use of 
an off-peak background correction factor. 

Background subtraction is useful for removing or 
reducing the interference generated in the source other 


than by the elements of the analyte matrix. If they are 
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sufficiently constant, interferences from argon and OH can 
be removed by subtracting the spectrum of aspirated 

water. The same eit eeeet on will also remove the odd-even 
pattern, glitches and dark current variations of the 
photodiode array which can give false readings, especially 
at long integration times. These same array generated 
problems can also be removed by subtracting the signals 
generated by the diode array held in the dark for the same 
integration time. The argon line at 588.9 nm interferes 
with the sodium line at 589.0 nm as shown in Figure 

48(a). Subtraction of a water background spectrum gives 
the corrected sodium line as shown in Figure 48(b). At 
the same time it cleans up the odd-even pattern to the 
left of the spectrum. The efficacy of this method for 
removing molecular band interference can also be observed 
by comparing Figures 53 and 55. 

The spectrum shown in Figure 58(a) is that obtained 
for a 50 second integration time measuring the manganese 
and® iron content tof water finom andocal wells) sThe » 
interference consists mainly of single diode glitches (g) 
and a dark current anomaly (h). The cleaned up spectrum 
obtained by a water background subtraction is shown in 
58(b). The background is still far from smooth and a 
background correction factor has to be calculated from 


off-peak diodes. 
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If concomitants in the analyte sample cause 
interference, then background subtraction will not suffice 
although it may be ioeeeet reduce odd-even pattern as a 
preliminary step. For concomitant interference, 
corrections must be obtained from the same analytical 
run. If direct overlap occurs the correction involves 
measurement of the concomitant elsewhere on the same or 
another array and prior calibration of the overlapping 
Signal. For wing overlap, the same process can be used 
but may not be necessary. It may be possible to predict 
the corrected baseline value beneath the analyte line by 
estimating the contribution to the total diode signal from 
the interfering concomitant. 

All calculations or projections involving an 
interfering signal increase the detection limits by 
reducing the precision. The diode array allows the 
operator to obtain prior knowledge of the symmetry of the 
interference imposed by the concomitant and this can be 
used to correct from the analyte run data. A complete 
printout of the diode values during the evaluation of the 
interference assists in this process. 

The extraction of the analyte peak height has been 
incorporated as a system program. One of the options 
available in this program allows the operator to identify 


the diodes to be used in calculating the background level 
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in much the same manner that the interpreter of a 
spectrograph photograph can select the positions for 
measuring the ba Shoe aed intensity with a densitometer. 

The odd-even pattern of the array must be considered 
when calculating the background to be subtracted. One of 
the options in the peak height extraction program 
automatically considers the odd and even diodes as two 
separate populations. 

An alternative method to remove the odd-even 
structure from the spectrum is the use of pair average 
smoothing. The effect of this is shown in Figure 59. If 
this technique is used it must be used consistently for 
both analyte and calibration runs. It does reduce the 
resolution of the spectrum. 

Continuous concomitant interferences Such as 
recombination continua and scattered stray light are 
compensated for by the peak extraction program. 

This concludes the description of the design, 
construction and use of a photodiode array direct 
reader. Its spectral windows have been used to remove 
many of the limitations of the photomultiplier tube based 
instruments. 

In particular it compensates for spectral 
interferences and imparts versatility. In doing so it 


restores to spectroscopic analysis the more favourable 
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Figure 59. The smoothing effect of pair averaging on the 
odd-even pattern. 
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characteristics of the photographic method that were 
sacrificed in the cause of electronic readout. 

This instrument is still only a step along the way to 
an optimized electronic imaging direct reader. The basic 
principles have been explored and put into practice within 
the limits of the equipment made available. The present 
design is not perfect and there are several problems to 
solve before the perfect instrument can be built. Some of 
these have been discovered during the development of this 


system and are described in Chapter VII. 
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CHAPTER Wil 


UNSOLVED PROBLEMS AND DIFFICULTIES 


The photodiode array direct reader constructed was a 
modular system. As a prototype it was assembled from 
components, most of which were designed for other 
purposes. Consequently a lot of compromises were 
necessary. 

This chapter describes some of the difficulties 
encountered and not fully solved. The instrument has 
great potential but further work is necessary to improve 
the mechanical, electronic and optical characteristics. 
Some of the problems are a function of this one particular 
instrument and now that they are recognized could be 


designed out of any future instrument. 


1. Alignment Problems 


Due to its physical size, shape and weight, the light 
proof box of the direct reader could not be mounted on one 
of the standard optical rail beds that are used in our 
laboratory. It was mounted on a fixed stand. All 


alignment adjustments had to be made by physically moving 
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and adjusting the optical rail bed carrying the spectral 
Source and any external optics. Because the whole system 
was not on a single mounting, the alignment was easily 
lost. Complete redesign of a new instrument on a single 


mounting would eliminate this problem. 


2. Illumination of the Grating 


The diode array does not have the high signal gain of 
the photomultiplier tube and needs to receive as much of 
the signal generated by the source as possible. The f- 
number of the grating with respect to the entrance slit 
was 19.4 (grating width 6.3 cm and distance from the 
entrance slit 122 cm). The external optics controlling 
the illumination of the entrance slit should have a 
Similar f-number. It was found experimentally that short 
focal length lenses (10-12 cm) gave no better illumination 
of the grating than those of longer focal length (25-30 
cm). Although shorter focal length lenses could gather 
more of the emission from the source, they overfilled the 
grating and merely added to the stray light entering the 
system. The multi-array system was set up with a 30 cm 
focal length, 5 cm diameter, quartz lens, optimized with 
the lens 68 cm from the entrance slit and 50 cm from the 
plasma plume. Thus the image of the plasma plume was 


focussed 7 cm inside the entrance slit. The entrance slit 
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was illuminated by light originating 10 to 23 mm above the 
load coil of the plasma source. A 5 cm diameter lens 50 
cm from the source gives a small solid angle, gathering 
only 1 part in 1,600 of the light emitted by the source. 
In a redesigned system with a single mounting, a 
collimating light collection lens could be used to gather 
more of the emission. A collimating lens 10 cm from the 
plasma plume would collect 25 times the light level 
collected by a lens at 50 cm. A more densely ruled 
grating with a smaller radius would maintain the 
reciprocal dispersion at the focal plane yet allow a lower 


f-number for the entrance optics. 


37.OU Grating “Defects 


The light losses in the UV region due to 
inappropriate blazing of the grating were considerable. 
Second order intensities for the zinc 213.9 nm and cadmium 
214.4 nm lines were six times the first order values. As 
additional evidence of the rapid deterioration of the 
grating output at short wavelengths, consider the 
simultaneous measurement of 10 ppm manganese at two 
different wavelengths. 

Winge, Peterson and Fassel [43] give the detection 
limit ratio of the 403.08 nm and 279.48 nm lines as 3.5 to 


1. The ratio found by the diode array direct reader was 
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0.12 to 1. The disparity between the two instruments 


involves a factor of 29 for measurements of two lines only 


rZoenmM apart. s?hnas Boul Suggest that the intensity loss 
for the zinc and cadmium lines is only partially regained 
by changing to second order. 

A diffraction grating specifically blazed for the 
lower wavelengths required for the ICP should lower the 
detection limits in the ultraviolet region down to the 
photomultiplier tube detection limits. However, this 
would require experimental verification. 

The ghost problem can be reduced by using a better 
quality grating. 

One manufacturer [10] claims that a ruled grating 
should have a parent to ghost intensity ratio of 10° to 
104, much better than the 133 of the grating used. The 
ghosts can be eliminated if a holographic grating is 
used. However the efficiency of such a grating is a 
function of wavelength divided by the grating line 
interval. They cannot be easily blazed for efficiency 
like a ruled grating can. It is claimed [10] that a 
holographic grating is most efficient for wavelengths 1.7 
to 0.8 times the grating interval. Thus a holographic 
grating with 4,000 lines per mm would have its peak 
efficiency in the wavelength range 200 to 425 nm. 
Holographic gratings are available with up to 6,000 lines 


per mm. 
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4. Stray Light Introduced byethe Circuitry 


The photodiode array direct reader has a considerable 
amount of circuitry mounted inside the dark box. This is 
necessary as the RC1024S drive boards have to be close to 
the diode arrays. Although the mounting boards are 
blackened, there is a considerable amount of circuitry 
with reflective surfaces (see Photograph 3). The diode 
arrays are in the focal plane of the direct reader and any 
light reflected back, from the metal Surrounding the 
diodes, towards the grating will be refocussed elsewhere 
on the focal plane. If the wavelength of the reflected 
light is long enough secondary diffraction can occur and 
interfere at lower wavelengths. Greater interference 
would be expected from the reflected light refocussed by 
the unruled portion of the grating blank. 

A finely divided coating of ice builds up on the ends 
Of the “array cooling bars... ‘This! acts as a diffuse 
rerlector for) liohtetal ling) on, 1t,.acga@ing jto)the stray 
light in the system. 

Light talsbing on the circuitry behind the, focals plane 
will not be sharply focussed. Furthermore, any light 
reflected back to the grating will be refocussed inside 
the Rowland circle and hence will be out of focus at the 
focal plane to give general stray light rather than sharp 


lines. 
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Photograph 3. The focal plane area with six diode 
aruayse titted. 
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No major stray light problems have been observed but 
they are possible. Reflections off the array surrounds 
would be hard to poate raihough their effect might be 
reduced by masking the unruled portion of the grating 
blank. If the reflection occurs behind the array it can 
be reduced by covering the offending circuitry with black 


velvet. 


>. Limitations on;Spectral Window Selection 


The width of the sensing part of the 128 diode array 
is 3.2 mm. The array chip itself is 27 mm wide and the 


mounting carriage width is 43 mm. Consequently there are 


strict limitations on the selection of spectral windows as 


only about 7% of the spectral width occupied by the 
carriage can be sampled. Once a window has been selected, 
the next window has to be at least 25 nm away from it. 
Diode arrays are available, in the same series, with 
512 and 1024 diodes. The 1024 diode array has a sensing 
width of 25.6 mm and will fit on the same carriage. This 
gives a spectral window 14 nm wide with a 60% coverage of 
the width of the¥carniage., (If. this,is still insufficient 
coverage of the spectrum, plane mirrors can be used to 
reflect.thevlightvinto an warray,..mounted.in.a different 
plane. The software is easily modified to allow for the 
readout of a larger array of diodes but it will force an 


increase in the minimum integration time. 
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Because the diode arrays are planar and the Rowland 
circle is curved, parts of the array are always out of 
focus. With the 1024 diode array this amounts to 0.1 mm 
focussing error for a 150 cm diameter Rowland circle and 
0.2 mm error if a 75 cm diameter Rowland circle were to be 


used. 


6. Possible Blooming Problems 


If two lines of very different intensities fall close 
together on the same array, there may be some blooming 
problems. Talmi and Simpson [23] describe blooming 
effects in diode arrays as sequential overspill from diode 
to diode so if a weak line is too close to a very intense 
line, the diode saturation of the latter could wipe out 
the weaker line. Busch and Benton [57] describe this as a 
drawback of the diode array detector. This, however, 
overlooks the versatility of the array system. If one 
line is saturated by a much stronger neighbour, another 
analyte line must be selected. 

There are very few elements that do not offer a 
selection of analytical lines with the inductively coupled 
plasma. If there is no alternative the edge of the array 
Or a mask over part of the array may have to be used to 


selectively cut out the stronger line. 
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7.  #The Dark Current Problem 


When the decision was made to use the smaller Peltier 
coolers for the six array system, it was considered that 
this would cool the back of the arrays to -21°C and that 
this would be cool enough. However, several of the arrays 
are obviously inadequately cooled. This shows up for 
integration times of 10 seconds or more as single diode 
glitches (Figures 57 and 58) and in one case as a major 
dark current artifact. These abnormalities are generated 
on the array, by the array, as they are diode specific and 
are probably due to manufacturing defects. As larger 
Peltier coolers would require a considerable increase in 
the DC power required to drive them, further cooling could 
be achieved by replacing the cooling water with a chilled 
fluid cooled in a closed system by refrigeration. In 
order to maintain flexibility, it may be necessary to 
change the type of coolant distribution hoses used. If 
the cooling fluid is too cold, the hoses may become coated 
with condensation or ice. 

There may be another factor contributing to the 
cooling problem. The diode arrays are held in place by 
their 22 pins in their sockets. The arrays are cooled by 
the cold bar of their coolers through a thermally 
conducting paste. Heat transfer from the array is 


improved if the conducting paste film is made as thin as 
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possible and this requires pressure. The only pressure 
acting on the arrays, to push them onto the cold bar, is 
exerted by the black plastic mask fitted to contain the 
dry nitrogen flow. This pressure is transmitted to the 
array through small pieces of sponge rubber which may or 
may not retain their elasticity at low temperatures. When 
the array is cooled and later allowed to warm up to room 
temperature, there will be an expansion-contraction 
problem caused by the use of different materials for the 
cooling bar, socket and mask. This may cause the array to 
work away from the cold bar. A review of the design of 
this heat transfer system should be considered as a first 
step in the reduction of the dark current problem. 
Because the peak evaluation techniques utilize 
measurements of values for off-peak diodes, it is 
important that the dark current be limited not only to 
allow sufficient signal dynamic range, but also to reduce 
the diode to diode dark current variation. This latter 
adds to the uncertainty of the background values. 
According to Vogt [25], when the dark. current exceeds 
about 5% of the diode saturation readout value, the shot 
noise in the thermal leakage becomes the dominant source 
of noise. This does not appear to be the case for the 
direct reader as its background variability is much 
greater than that which could be generated by dark current 


shot noise. 
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The dark current shot noise Ngq (in electrons) is 


given by:- 


where 1g is#darkfciuyent, @t.eis) integration timerin 
seconds and q, is the charge on an electron in coulombs. 
Talmi and Simpson [23] quote a value for Ng of 545 
electronserms at -20°C foray lesecond integration, time. 
This would give 5,450 electrons rms shot noise for 100 
seconds integration time. As the full 14 pC saturation 
charge on a diode is equivalent to 87.5 x 106 electrons, 
the dark current shot noise at ~-20°C for 100 seconds is 
very small (0.000062 times the saturation charge). This 
is equivalent to 62 wV noise on a 1 V signal or 3 times 
the least significant bit value of the AI13 analog to 
digital converter in the lowest (0 to 0.1 V) range. 
During the single array experiment, the lowest values of 
the readout noise were of the order of 1 mV at -28°C. 
This is much greater than the dark current shot noise. 
However, shot noise is not the only cause of dark 
current variation. Over long integration periods 
temperature variation is more important. Consider the 


temperature change AT which would cause a dark current 


change equal to the readout noise N,. 
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where Nr FS” in ecowlombs, “ct: 


fe cmincegration time sin 


seconds, and Iq is dark current. (The 6.7 and ln 2 terms 
perer to the doubling» on ‘dark current for a 6.7°C rise in 
temperature. ) 

Aee—20°C. the tdarkweurmrent. 1s 47 £A [23]. “Lf the 
readout noise is 1 mV, equivalent to 87,500 electrons or 
1.4 x 10714 Cyl eheneAs hacwanvalue of 0,.029°C) (for 100"s 
integration. The Peltier coolers have to pump down the 
array temperature by 34°C, so they have to have long term 
voltage stability of below 0.08% to maintain such 
temperature control. 

The Peltier cooler is not an absolute cooler, it is 
simply a pump transferring heat from the array (and the 
atmosphere) to the cooling water. 

Over several seconds of integration time, the 
temperature of the cooling water could be affected by 


other users of the same water supply. Furthermore, 


because it is heated by the Peltier coolers, any change in 


water pressure resulting in change in flow rate would 
result in a change*in its effective temperature. A 


temperature change in the cooling water of more than 


0.03°C appears quite probable for a series of measurements 
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taking several minutes. This may be a contribution to the 
increase in noise observed for the single array system as 
integration times were increased to 16 and 32 seconds 
(Table 7). 

Vogt [25] also describes the generation of hole- 
electron pairs, and hence dark current, by power 
dissipation within the array chip during readout. This is 
another possible source of variation in the dark current 
although the change may not be significant with long 
integration times where the heat produced is not allowed 
to accumulate. 

The noise generated by temperature changes is 
directly proportional to the time integrated dark current 
and would be reduced by operating the array at lower 


temperatures. 


8. Problems Caused) by the Ribbon Cable 


The layout of the RC1024S array drive boards meant 
that the arrays had to be run away from their drive 
boards. .. Twenty, one .of .the. array..chip:s pins )are 
functional and must be connected to the drive board. The 
number of leads might have been reduced by 5 by combining 
common functions but this still leaves too many to handle 
by shielded cables yet still retain some freedom of 


movement for the array. Consequently a ribbon cable was 
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used. This was soldered to the back pins of the array 
socket on the array carriage and to a makeshift plug to 
fit into the onboard socket. Unfortunately the array is 
pmeene Lorm Of fal 22, Die chip sand “although 22 pin “sockets 
were available, 22 pin DIP plugs were unobtainable. The 
22 pin DIP chip is the only size of integrated circuit 
that has its 2 rows of pins separated by 0.4 inches. It 
was found that solder tail 22 pin sockets could act as 
plugs and these were used for the ribbon cables. They do 
not have the same conductor contact within the socket as 
one would expect from plugs. 

Apart from the already described signal loss and 
eross-—coupling of signals along the cable, there was some 
evidence of variability between even and odd diode signals 
depending on the position and degree of twist in the 
ribbon cable. This meant that the final tuning of the 
array Circuitry hadwto be carried out after the array, shad 
been fixed in its correct position in the direct reader 
Eocal plane. 

The ribbon cable is the weak link of the system and 
occurs at its most vulnerable spot, before the signals 
from the array have been amplified. It would be far 
better to replace the existing drive board and the ribbon 
cable with a redesigned printed circuit board carrying the 


array transversely at one end. 
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a. Problems Associated with the RC1024S Drive Board 


When the drive board, modified as described in 
Chapter III, was used with the single array system, the 
only major problem experienced was the drifting of the 
odd-even diode balance with time. For a single array this 
was easy to follow and correct. 

When all six arrays were running, several more 
serious defects were noticed. No two array systems were 
exactly alike. One system had an odd-even balance that 
varied too much to be useful. Another system had an 
unstable background level that prevented its use for 
integration times longer than 0.5 seconds. Another had an 
odd-even balance problem that affected the first few 
diodes only (Figures 50 and 51). 

The variation in the DC background level was more 
than that which occurred with the single array system. 
This variation was often sufficient to move the signal out 
of range of the analog to digital converter, especially 
when the latter was operating on its lowest input range 
setting. 

An example of an oscillation occurring within the 
odd-even balance circuitry is shown in Figure 60. The 
oscillation was independent of the diode number and the 
Start pulse so must have been generated on the RC10245S 


drive board. 
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Figure 60. Pattern produced by oscillation in the 
odd-even balance circuit. 
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The major problem that arose was the frequently 
obtained excess in signal strengths at the output of the 
RC1024S board as illustrated by Figure 61. The odd-even 
balance appears to be unaffected which indicates that the 
Signal gain occurred before the odd-even balance 
adjustment was applied. 

The signal processing system is shown in Figure 62. 
The excess gain applies to both odd and even diodes so the 
cause must apply equally to both halves of the signal 
processing circuitry. A power supply variation is a 
possibility. Alternately, the signal change could be due 
to gross changes in the nebulizer throughput. This is 
highly unlikely but could be checked by the use of a 
pumped nebulizer. Calculations for the expected strength 
of the signal favour the low values. 

This problem prevented the use of signal averaging 
and slowed down the gathering of data as every data set 
had to be checked for the excess by displaying it 
graphically on the video monitor. 

The power supply driving the 6 array boards was 
tested at the input to one of the boards with all of the 
boards powered. The +5 V supply had high frequency 
background noise superimposed on a 4 mV peak to peak 
Variation Of SLOMkKHZ tirequency.2t The H15iVi supply had@atsS 


mV peak to peak signal at a 200 kHz frequency with a spike 
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Figure 61. Vargation in the signal output from the RC1LO24S 
board for two identical signal measurements (10 
seconds integration). 
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Superimposed at 10 kHz. The -15 V supply had a square 
wave pattern of 10 mV peak to peak at 10 kHz together with 
higher frequency background noise. The square wave 
disappeared when all the array systems but one were 
uncoupled from the power supply. 

The direct reader system used three power supplies, 
excluding those used to drive the Peltier coolers. The 
system should be redesigned to run off a single power 
supply. In this respect it should be noted that there are 
Significant differences in the ground levels of the 
electrical service outlets. For example, a 30 mV 
difference was measured across the ground wires of two 
cables fed from the same circuit breaker. 

The cause of the readout variations has not been 


established and further work is required. 


10. Precision Limitations of the System 


The precision of one of the arrays in the six array 
system was determined from 10 measurements for a solution 
of 1.5 ppm copper. The results are given in Table 23. 

The background means and standard deviation for each 
determination were obtained from values of 8 off-peak 
diodes of the same odd-even character as the peak diode. 
The background standard deviations are approximately 1 mV, 
which is of the same order as those found for the single 


array system. 
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Table 23. Measurements of precision for 1.5 ppm copper 


solution. 


Peak Height Background Background Signal/Noise 
V Mean V Std. Deviation 
LON S 


01001 05171 . 00096 


Mean peak height for 10 runs 0.00890 V. 


Standard deviation between 10 runs 0.000664 V. 
Ratiowl3i4. 


Background mean standard deviation between runs 0.00094 V. 


7 oe ua at’ Be bath igi 
2 | SL iB 


/ , ! 

Wh 1 a : i Ae 
tO A ie aia , a 
: ‘ ‘ ' 

x 1 


r A tem pea memo  ieieenaiienide. amma 
seioN\ienpia | Pryce aon 
r 


: 
cS } rele buat baa" 
fina ge ra Adin 


ee Ss oe 
. ¢.3 dE700, 


&.8 Lit. 


— ee meee: oo et eel Hae + i ee — a 


. doe H onnod ; 


“e202. 


| dale 4 a 20500. ” 
a bo CH L08 


0 0600860 anv Of x08 Ah ap diag 

Vv paagod iu now 0 noi 36iveb ude 

: ) ect Bpden’ 

M. 62008 0 errs ides titi Basis se neo retest: 


245 


The signals from the spectral source, processed by 
the array and its drive board, are digitized by the analog 
to digital converter and stored by the computer. 
MeaSurements were made of the variability of the data 
acquisition system by grounding the input lines to the 
pre-amplifiers of the AI13 analog to digital converter and 
recording the digitized values for 128 successive 
conversions for all 6 channels in use. The diode array 
Sampling pulses were used to initiate the conversions. 

The effect of Signal averaging was also determined. 
Results are summarized in Table 24. The least Significant 
bit value for each A/DC setting is included for 
comparison. 

As the signal averaging technique reduced the 
variability, the latter can be considered to be generally 
due to random noise...‘The variability for a single set of 
measurements, albeit for a large set, of about half a 
Mpllivore is approaching’ themvarivanwiaty for the overall 
Signal measurement (Table 23). Consequently, any new 
design to improve the precision of the whole system must 
use a more stable A/DC. There are 2 probable reasons for 
the A/DC variations. 

i. The A/DC and the preamplifiers are powered by the 
Apple power supply which is involved in driving many 


TTL logic changes and hence is very noisy. 
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Table 24. Variability of the AI13 data acquisition system. 
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Das The analog signals are carried by a ribbon cable 
into the Apple case and the actual A/DC is not 
shielded against interference from the other 


electronic transitions occurring nearby. 


In order to improve the precision for the same 
illumination of the grating, the noise levels must be 
reduced. 

A 1 mV noise level is equivalent to one thousandth of 
the saturation signal of the array or 87,500 electrons 
rms. Simpson [31] has described the various noise sources 
for the S series of photodiode arrays. These are:- 
aes The photon shot noise of the incident light. 

i. The shot noise of the dark current. 
iii. Preamplifier noise. 
Vis Reset noise of the diodes of the array. 

Of these the photon shot noise is common to all 
detection systems. 

The dark current shot noise has already been 
discussed. It has rms values of 5,600 x yt; at 25°C 7and 
545 Yt, at -20°C where t, is integration time in seconds 
23}. 

The diode reset or thermodynamic noise n,; is given by 


[31] 
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where k is the Boltzmann Constant, T is absolute 
temperature, C5 is the diode capacitance, Cue is video 
Pinento clock line “capacitanceyand’qe°is the charge on*the 


electron. 


Simpson quotes a value of 1000 electrons rms for Ve 
at 25°C for a 1024 diode array. 


The preamplifier noise is given by [31] 


2 - 2,1/2 
a A PyrD n 


wherevl-eirs*the preampletierSnerse*current; ee, is ‘the 


n 
preamplifier input noise voltage,'C is ‘capacitance at the 
amplifier input and tp is the time to read a diode. 

Simpson states: "With the proper choice of input 
device and circuit design, ne can bes reduced below the 
thermodynamic noise." That is to say below 1000 electrons 
rms. 


Thus the total noise for dark current and readout 


could be as low as 
Ne eG emeemop  SIexrigerx t. 4/2 at) 25°C 


This gives np equal to Si Dee LeCeLOns. rms for. ar} 


second integration and 55,695 electrons for a 100 second 
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integration. At -20°C a 100 second integration time could 
have a noise level as low as 5,620 electrons rms. The 
direct reader system nae 87,500 electrons rms noise. 
Unlike the systems described by Simpson, the direct reader 
noise is limited by readout noise, not the dark current 
shot noise. The designers of the RC1024S have taken care 
to limit the distance between the array and the 
preamplifier as the equations for both the thermodynamic 
noise and the preamplifier noise contain capacitance 
terms. Clearly no great improvement in the precision of 
the diode array direct reader can be expected until the 
ribbon cable is replaced by a redesigned drive card. 

Several discussions of low noise ampifiers for diode 
arrays can be found in the published literature 


(25, 26791, 590) 4 


11. Processing Delays Caused by Proyram Loading 


The software to run the direct reader system was 
written and operated in sections to suit the experimental 
nature of the system. The Apple disk operating system is 
designed so that the disk drives are normally off. This 
is done to save wear. However, there is some delay caused 
by the system requiring time to start up. During the 
development of the direct reader, the operation of the 


disk drives has been a useful diagnostic tool. 
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For a routine operating system, a faster running 


system would be preferred. The overall speed of operation 


could be improved in several ways:- 


a, 


a 


lil. 


dT Vile 


All machine code programs could be located in the 
16K language card and called when required. In 
order to save loading them at every start up they 
could be loaded onto a read only memory chip which 
is then fitted to the language card. 

Basic programs used sequentially could be 

combined. Programs can be shortened by leaving out 
REM statements, combining lines and becoming less 
user friendly. 

Faster running disk operating systems are available. 
Some of the BASIC routines such as multiplication 
and division could be duplicated in machine code and 


loaded into the language card. 


The problems associated with the diode array direct 


reader are considerable but all are capable of solution. 


They are worth solving because the potential of the 


instrument is considerable. Photodiode array detectors 


are already in use as full spectrum detectors for ultra- 


violet and visible molecular absorption spectroscopy 


[521% 


Their application in commercial instruments for 


atomic emission spectroscopy is overdue. 
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APPENDIX 1 


THE INDUCTIVELY COUPLED ARGON PLASMA SOURCE 


The plasma spectral source was a Plasma-Therm ICP 
2500 powered by a Model HFP 2500 F, 2.5 kW RF generator 
C27 512 ey MHZ) 

The plasma torch was made by the Department of 
Chemistry glass blowing shop at the University of 
Alberta.’ It consisted of 3 concentric quartz tubes fused 
together as described by Fassel and Kniseley [61]. The 
outer, plasma gas, tube had an internal diameter of 18 
mm. The next, auxiliary gas, tube had an internal 
diameter of 12 mm. The central, aerosol, tube was 3 mm 
internal diameter, constricted down to 1.5 mm at its exit. 

The plasma torch was attached to a spray chamber 
supplied by Plasma-Therm. Several nebulizers were used; 
all were the glass concentric (Meinhard) type with 
aspiration rate of 0.6 to 1.0 ml per minute. 


The argon flow rates were:- 


he Plasma gas — 13° lpm 
Fai ke Nebulizer ‘gas;-..65 lpm (Chapter IV) 


- .4 lpm (Chapter VI) 
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- 15 psi (Chapter VI) 
TAS Auxiliary gas - .8 lpm (Chapter IV) 
—4 lpm (Chapter VI) 


—.Oe lpm «Chapter V1.) 
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APPENDIX 2 


MODIFICATION OF THE RC1024S CIRCUIT BOARD 


A. Join Edge Tab 6 to Edge Tab F 


Tab 6 carries the odd diode series end of line signal 
(Diode 127 has been read). Pin 6 on the 44 pin edge 
connector interfered with the firm attachment of the 
coaxial’ cable carrying the output signal from the board. 
Pin 6 was then removed from the edge connector leaving the 


odd EOL signal available on pin F. 


B. Change Capacitor Cy 


Capacitor’ Cj" is a timing capacitor in the 
Oscillator. “Lt was* changed from 500 p£ to 0.005 vE to 
reduce the diode sampling rate range from 37.5-150 kHz to 


4-62.5 elt Widen 


Cy. Jj, Connect sEdge “Lab. Wi ito OR'd Sampling Pulse 


Pans 9 640 ,* lt of* USO" (7400) on the board carry the 


OR'd odd and even sampling pulse signals. The signal was 


wired to edge tab W so that it could be used elsewhere as 


a data’ acquisition control signal. 
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D. Rewire Pin 3 on 7474 Flip-Flop 


Elip=flop Ul) 07474)" is the start. pulse controller. 
The vpriunted circuit lead ’to .pin. 3 was cut. to isolate it 
from the onboard timing chain. It was wired to edge tab R 


to connect it to the off board start pulse generator. 


ae Isolate the Oscillator 


The output of the oscillator was isolated from the 
mest ofthe. cincuitso.swthat pit. could be .ateds .. The 
printed circuit was cut between pin 5 on Ul (9602) and pin 
i OneU6 .(/404)4 4 ot vad so. separated, it from pin’ 2:.on UZ 
Cr 4tole),  therfirst, counter ain the, timing chain., ihe 
oscillator signal was already connected to edge tab U for 


connection to the gate. 


Bg Jon Bdge Tabuer to U2 and U6 


The gated oscillator signal was brought back to the 
board through edge connector P and hence to pin 1 on U6 


(7402) fandypim 2 on. U2: (74161). 
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G. Remove the Last Onboard Counter 


U5 (74161) the fourth 16 bit counter was replaced by 
a socket to connect to the timing chain extension. When 
external start pulses were introduced, the unused socket 
was bypassed by connecting its controlling enable pin to 


its overflow pulrsespim (Pin 10 to pin 35). 


Hy. JO) BdgemlabyMm@eouwe in oof 74/4 Flip-Flop 


Pin 5 of) U11> (7474) puts out the start pulse signal 
to the array. It was wired to edge tab M so that both the 
rising and falling edges of the start pulse were available 


as data jacquisitizonmcontrol signals. 
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Figure 63. Changes to the RC1024S board 
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INTERFACE BETWEEN THE AIM 65/,AND. THE, 11313, A/DC 


AC 1580 CONNECTOR 


LSB (14) 3 


oe 


TEV 10 5 


DEY ook 7 
START PULSE 13 


DIGITAL GROUND 
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AC 1580 CONNECTOR 


MIKE SOCKET 
EAR SOCKET X 
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CONVERT 


COMMAND 


AIM 65 Jl CONNECTOR 
EDGE TAB’ LINE 
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APPENDIX 4 


AIM 65 PROGRAMS 


The data acquisition program LOG] collects the 14 bit 
data values for 128 diodes. It gives the option of signal 
averaging by adding consecutive sets of data and then 
dividing by the number of sets added. It has the option 
of subtracting the same number of sets of data for a 
selected background condition. The machine code part of 
the program sets the data storage addresses to zero and 
then idles while it waits for a start pulse. It then logs 
data on receipt of a conversion completed signal from the 
analog to digital converter. Three 8 bit bytes are used 
for each diode, a low byte, a high byte and an overflow or 
carry byte (in case the summed data values exceed the 
capacity of the lower two bytes). The data bytes are 
stored consecutively, with all the low bytes in one group, 


the high bytes in another and the carry bytes in a third. 
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KEM *«*AIM 65 PROGRAMME LOG1xx 


REM COLLECT DATA FROM A SINGLE ARRAY OF 128 DIODES WITH SIGNAL AVERAGING 


REM AND OF TIONAL EACKGROUND SUETRACTION 

FRINT "BACKGROUND SUETRACTED ? Y=1,N=0" 

= 1283) = 37123K = J + OFL = K + OFM = 2 K OSF = 2343H = - 1:26 = 
=O x 0 


O +H 
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REM J,K,L ARE BASE ADDRESSES FOR STORAGE OF LOW,HIGH,CARRY EYTES OF DATA 


REM F=234=$EA=NO OF ERATION TO CANCELL JUMF INSTRUCTION IN LINE 120 
REM IN LINE 130 

INFUT A 

IF A = 1 THEN 150 

FOKE 1710,76% FOKE 1711,53 FOKE 1712,7 

REM THIS FORCES A JUMF TO THE END OF THE MACHINE CODE FROGRAM 
GOTO 160 

FOKE 1710,F:3 FOKE 1711,F’ FOKE 1712,F 

ERIN? “# OF GRUNS ?* 

INFUT E 

POKE 3711,8%3 FOKE 4,802 FOKE: 5,6 

REM MACHINE CODE FROGRAMME STARTS AT ADDRESS $650 


X = USR (I): REM CALL MACHINE CODE FROGRAM HERE 
POR Ne =—G Ome Siler 
C= PEEK (Jie N) SD = FEEK Cif NSE = FEEK (L + N) 


RIN oth sO TONS Osos CCC Mea x M #C)x 10) 7c ey x FD 
REM THIS ASSUMES A 14 BIT A/DC WITH A 0-10 VOLT RANGE 
NEXT N 

FRINT "DONE ?Y=1,N=0" 

INFUT R 

IF RK = 0 THEN 40 
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SOURCE FILE: MLOG1 


0000: 1 XMACHINE LANGUAGE PROGRAMME FOR AIM 65 DATA LOGGING WITH 
00003 2 *EACKGROUND SUBTRACTION OF TION 

---=- NEXT OBJECT FILE NAME IS MLOG1.OEJ0 

06503 3 ORG $0650 

0650:D8 4 CLD 

0651378 5 SEI 

O652:A2 7F 6 LDX #$7F 3LOAD DATA MEMORY SFACE 
0654:A9 00 7 LDA #$00 3WITH ZERO’S 

0656:9D 80 OE 8 BRI STA $0E80,X 

0659:9D 00 OF 9 STA $0F00,X 

O65C39D 80 OF 10 STA $0F80,X 

O6SFICA 11 DEX 

0660310 F4 12 EPL ERI 

06523EA 13 NOF 

0663:AC 7F OE 14 LDY $0E7F 3# OF RUNS TO BE AVERAGED 
0656309 00 15 LDA #$00 

0668:8D 0C AD 16 STA $A00C ;FCR SETS IFR FOR 1 TO 0 STEP 
OS6E:AD 00 AD 17 LDA $A000 ;CLEAR IFR BITS 3 & 4 

O66EAD OD AD 18 BR2Z LDA $A00D ;CHECK IFR FOR FLAG ON 
0671329 10 19 AND #$10 3EIT 4 (CE1) START PULSE 
0673:F0 F9 20 EEQ ER2 

06753AD 00 AD 21 LDA $aA000 ;CLEAR IFR EIT 4 

0678:AD 01 AD 22 LDA $A001 ;CLEAR IFR BITS 0 & 1 

OS7ELAR 00 23 LDA #$00 ;SET DDRA AND DDRE 

067D:8D 03 AD 24 STA $A003 3SO ORA AND ORE ARE 

0680:8D 02 AD 25 STA $A002 SALL INFUTS 

0683:A2 7F 26 LDX #$7F ;SET COUNTER FOR 128 DIODES 
0685:AD 0D AO 27 BR3 LDA $A00D ;SEARCH FOR CLOCK FULSE 
0688329 02 28 AND #$02 

O68A:FO FO 29 EEQ ERS 

O68C3AD 01 AD 30 LDA $A001 ;READ LOWEST 8 EITS OF DATA 
068F:7D 80 OE 31 ADC $0E80,X jADD IT TO THE DATA 

0692:9D 80 0E 32 STA $0E80,X ALREADY COLLECTED 

0695:AD 00 AD 33 LDA $A000 ;READ HIGHEST EITS OF DATA 
0698329 3F 34 AND #$3F ;CLEAN OFF THE TWO MSE:’S 
069A:7D 00 OF 35 ADC $0F00,X ADD IT TO THE DATA 

069D:9D 00 OF 36 STA $0F00,X $ALREADY COLLECTED 

O6A0%ED 80 OF 37 LDA $0F80,X READ THE CARRY FILE 

06A3369 00 38 ADC #$00 3ADD THE NEW CARRY IF PRESENT 
06A5:9D 80 OF 39 STA $0F80,X  $UFDATE THE CARRY FILE 
06ABiCA 40 DEX ;DECREMENT THE DIODE COUNTER 
06A9:10 DA 41 EPL ER3 $READ ANOTHER DIODE ? 

06AE:88 42 DEY ;DECREMENT REPLICATION COUNTER 
OSACiEA 43 NOF 

O6AD:D0 EF ae ENE ER2 ;READ WHOLE ARRAY AGAIN ? 
O6AF34C 06 07 45 JUMP FINISH ;IF NO BACKGROUND SUETRACTION 
06623 4b x RETURN TO BASIC 

06E:2100 47 ERK ;TIME TO TAKE BACKGROUND DATA 
OSE:3:AC 7F OE 48 LDY $0E7F ;SET UF REPLICATE COUNTER 
O6E:61A9 00 49 LDA #$00 

06E:8:8D 0C AD 50 STA $A00C 3FCR SETS IFR FOR 1 TO 0 STEF 
OSEEtAD 00 AD Si LDA $A000 ;CLEAR IFR BITS 3 & 4 

OSEEtAD OD AD 52 ER4 LDA $A00D ;CHECK IFR FOR FLAG ON 
0601329 10 53 AND #$10 ;EIT 4 (CE1) START FULSE 
06C3:F0 FO 54 BEQ ER4 

O6C5S:AD 00 AD 55 LDA $A000 ;CLEAR IFR BITS 3 & 4 

O6CBiAD 01 AD 56 LDA $A001 ;CLEAR IFR BITS 0 & 1 

D6CEIA9 00 57 LDA #$00 ;SET DDRA AND DDRE 


06CD:8D 03 AD 38 STA A003 350 ORA AND ORE ARE 
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06D0:8D 
06D3°AZ 
06D5: AD 
06D8:29 
O6DA:F 0 
06DC: 38 
06DD°3ED 
O6E0°ED 
06£3:39D 
06E.6°ED 
06E9329 
06EB:8D 
O6EES ED 
06F1°3ED 
06F439D 
06F7°3ED 
O6FASE9? 
O6FC39D 
O6FFSCA 
0700:10 
0702388 
0703°EA 
0704:D0 
0706360 


A0 


A0 


61 BRS 


81 . 
82 FINISH 


$A002 


- €$7F 


$A00D 
#$02 
BRS 


$0E80,X 
$A001 
$E080,X 
$A000,X 
#$3F 
$OE7E 
$0F00,X 
$O0E7E 
$0F00,X 
$0F80,X 
#00 
$0F80,X 


ERS 


BR4 


sALL INFUTS 

¢SET COUNTER FOR 128 DIODES 
sSEARCH FOR CLOCK FULSE 

s;ON BIT 1 (CAI) 


sSET CARRY FLAG FOR SUETRACTION 
sFETCH DATA FROM FILE 

s;SUETRACT BACKGROUND (LOW 8 BITS) 
s;UFDATE FILE 

s;READ HIGHEST BITS OF BACKGROUND 
s;CLEAN OFF THE TWO MSE’S 

sFUT IN TEMPORARY FILE 

sFETCH DATA FROM FILE 

s;SUETRACT TEMPORARY FILE 

;UFDATE FILE 

sFETCH CARRY FILE 

s;SUETRACT CARRY IF STILL SET 
;UFDATE FILE 

;DECKEMENT THE DIODE COUNTER 
;READ ANOTHER DIODE ? 

;DECREMENT REFLICATE COUNTER 


s;READ WHOLE ARRAY AGAIN ? 
3$GO BACK TO BASIC FROGRAMME 


ae 


ale } So nL i va ‘ is : a _ . ad 
’ ie i, 
iv [ one | 


enue a yi be rs 

vaqors ast A+ sates * ee: 
FAM HIQIZ ACT RaAAEE ie 
(hadi, § Tia. W639 oY 
xT AW TSU8, 209 A6I7 YRARS aa | 
324 HOA a poatraue YSai , xX. d8908 © 

(azva 4 WO) cmUaHa NAR ary 


KV ORC3e 

OMyOMRHoAS WW 2TTs 1<aaee OnTAI ¥, 0R6A8 
| g’adn OMT BHF See a Weer 
TICY YARARGINGT WE Tos: a°a0e 

BT4 HONS atad MOTSaT x, a0 706 

179 yaanosNat TSARTHvat ‘Be3e4e 


3109 Siac ¥, 00 %Ge 

ir yates PIT | Meee 

roe astra Wr veead TOAAT ues “ 8oe 

1/a% 3Y A x ybito# 

syeugs 20670 INT) Tae 
20070 Se Heo ana 

AGTHUGN BTAIT IVI TA Sn 40¢ ; 


VIALA Yatith Ase GANG Aaa 
IntarkOoN4 sTaa0 Gs n74s wa? 


a 
t - 
\ 
», Ti : 
je 
vi? 
: Wl ee 
% ¥ Py 
\ { a, 
mAs 
i . 1) 
ai —_ 
ong 
“ va 
f a) on 
1 
') ¥ 
ae 
ty = @ . 
1 
ro ; Ww k 
i> i ue 
7 me a f eee 
1 a ey 


293 


The signal to noise ratio program SNRO3 logs the data 
points for 32 diodes 32 times and stores each acquisition 
separately. This takes 2048 bytes of memory for storage 
(2 bytes per data point). It then calculates the mean, 
standard deviation and the ratio as the signal to noise 
ratio for each-of the 32 diodes and prints them out. It 
then allows the subtraction from the individual data 
values of 32 values for 32 diodes for a selected 
background? condition. ~Tt then recalculates the subtracted 
mean, Standard deviation and signal to noise ratio and 
prints them out. 

The diode numbers on the print out are for the 
position of the diode within those logged, not its 
position on the array. 

The machine code program first converts the identity 
of the diodes to be logged into a series of numbers 
corresponding to the size of groups of diodes to be 
omitted or recorded. It makes extensive use of 
subroutines and indirect indexed addressing. It was this 
program in its background subtraction mode that set the 
limiting speed of data acquisition. 

Getting this program and its data storage space into 


the 4k of RAM available on the AIM 65 was difficult. 
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10 REM *xAIM 65 FROGRAMXXSNROS 
20 REM SIGNAL/NOISE RATIO FOR A 128 DIODE ARRAY (WITH EACKGROUND SUETRACTION) 
30 REM A TOTAL OF 32 DIODES IN UF TO 4 GROUFS ARE LOGGED 32 TIMES AND MEAN,STD 


35 REM DEVIATION AND SIGNAL TO NOISE RATIO FRINTED OUT 

40 REM XTHE STARTING DIODE #’S MUST BE IN NUMERICAL ORDER 

50 DIM AC(7)$ FRINT "“1ST,#,4TIMES,MAX32"3 FOKE 4,1663 FOKE 5,636 = 2048 

60 REM THE # OF THE 1ST DIODE IN A GROUF AND THE # OF DIODES IN THAT GROUF' 
7OG-REM IS ENTEREDCTOTAL DIODES 32 >) 

80 C = 2040:D = 32% INFUT AC0),A(1),AC2),A03) ,AC4) »ACS) A086) ,AC7) 

90 E = SQR (31)°3F = 99236 = 30723H = 2562AA = 163833BEB = H xX H 

TeerFOR 1 = 0 10 73_FOKE Ci+71,;ACE): NEXT I:J = USR (K) 

110 REM LOADS DIODE NUMEERS TO ADDRESSES $07F8 TO $07FF 

VE The PEEK (2039) = 1 COTO22350 

1eveeREM THIS IS A M/E TEST. FOR INFUT ERROR 

1490 FRINT "INFUT WRONG"$ GOTO 50 
Lovee FOR Me =—0  TOeSiINe= MM +7 153 


O = O3F 0 
OS TORESSTER DSK = 2Oesat Ss 


160 FOR Q PEEK (B + R)3T = FEEK (G6 + R)SU = T xX 
Het? S 
iy Gee tr Ane U THEN-U = = <EBo = 7U) 


175 REM THIS CORRECTS FOR VALUE BEING NEGATIVE AFTER THE SUETRACTION 
SeeaVve=e Uk USO, = 0 + UF = FP ots SNEXT @ 
SQRa CE —" OR xk OP/S Do 7. ESSERING NS Xai xe Keon 7 CD XH) YY XS 


ore 
2) 
oO 
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Hest 
oO 
NX 
=) 
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/aCDE XS) 

195 REM FRINTS OUT SNR,MEAN AND STD DEVIATION FOR EACH DIODE SELECTED 
197 REM “CAUTION THE DIODE # IN THE FRINT OUT GIVES IT’S FOSITION WITHIN THOSE 
198 REM LOGGED.NOT IT’S FOSITION ON THE ARRAY 

200 NEXT M 

eueeertr PEEK C€Z038)= 0 COTO 2é0 

22 FOKE 2038,0 

230% PORES 2172 POKE'S,7 

240 JJ = USR (KK) 

290 GOTO 150 

260 FRINT "DONE ? Y=1,N=0"% INPUT Z 

z70 TF 22-0 THEN 30 
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«TO COLLECT DATA FOR 32 DIODES 32 TIMES AND STORE ALL VALUES 
KSEFARATELY-ALSO HAS BACKGROUND SUETRACTION OF TION 


SUEROUTINE#1 COUNT UNLOGGED DIODES 


SUEROUTINE#2 LOG DATA VALUES 


*READ VALUE LOW EYTE 


s;READ VALUE HIGH BYTE 


;CLEAN OFF UNWANTED EITS 


SUBROUTINE#3 LOG AND SUETRACT 


EACKGROUND VALUES 


SUEROUTINE#4 ADD 
$FO/F1 AND $F2/F3 FOR 


SOURCE FILE? MSNRO3 

es NEXT OBJECT FILE NAME IS MSNKO3.O0EU0 
0620; 1 ORG - $0620 
0620: 2 “MACHINE LANGUAGE FROGRAM FOR AIM 65. 
0620; 3 

0620; 4 

06203 5 x 

0620:AD OD AD 6 ER1 LDA #A00D 
0623329 02 7 AND #€$02 
O6253F0 F9 8 BEQ ERI 
0627°:AD 01 AD 9 LDA $A001 
062A360 10 RTS 

O62E°3EA 11 NOF' 

062C3EA a2 NOF 

062D:EA 13 NOF 

062E% 14 x 

O62E3AD OD AD 15 ER2 LDA #A00D 
0631:2 Zz 16 AND #$02 
0633°3F0 F9 a BEQ ER2 
0635;:AD 01 AD 18 LDA $A001 
0638:91 FO 19 STA ($F0),Y 
O63A°3AD 00 AD 20 LDA A000 
063D329 3F wai AND #€$3F 
O63F 391 F2 22 STA ($F2),Y 
0641360 23 RTS 

0642°EA ZA NOF 

0643°EA 29 NOF' 

0644°EA 26 NOF 

06453 27 * 

06453 28 x 

0645:AD OD AD 29 ERS LDA #A00D 
0648329 02 30 AND #902 
O64A°3FO0 FO od EEQ ER3 
064C338 32 SEC 

O64D°E1 FO 33 LDA ($F0),Y 
O64F°ED 01 AD 34 SEC $A001 
0652°91 FO 35 STA ($F0),Y 
0654;3AD 00 AD 36 LDA A000 
0657329 03 37 AND #3F 
0659:8D FS 07 38 STA $07F5 
Uceta Ber sy Wd aod a7 LDA ($F2),Y 
OSSE2ED FS 07 40 SEC $07F5 
0661391 F2 41 STA ($F2)5Y 
0663360 AZ RTS 

O664:°EA 43 NOF’ 

0665°EA 44 NOF 

0666:EA 435 NOF' 

06673 46 x 

06673 47 « 

0667:D8 48 ERS CLD 

0668318 ag CLC 

0669°AS FO 30 LDA $FO 
0666369 20 o1 ADC #220 
066D:85 FO v2 STA $FO 
O66F°3AS Fil 93 LDA $Fi 
0671:69 00 04 ADC #900 
0673:85 Fil rake) STA $F1 
0675318 36 CLC 

06763AS F2 97 LDA $F2 
0678:69 20 38 ADC #20 


NEXT CYCLE 
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067A°385 
06703 AS 
067E 269 
0680:85 
0682:CA 
0683:60 
06843EA 
O685°3EA 
O686:3EA 
06873: 

0687 3A2 
O6893A9 
O68E 385 
068D:85 
O68F SAP 
0691385 
0693°A9 
0695:85 
06973A9 
0699:8D 
069C3 

069C;8D 
O69F 38D 


06C3:8D 
0606390 
06C8: 

06C82AD 
06CE°38 
O6CC3ED 
O6CF 338 
06D0:ED 
0603:8D 
06D6:90 
046083 

06D83A9 
06DA:8D 
06DD:8D 
O6E03 

O6E034C 
O6E33AP 
06E5:8D 


A0 


A0 


a07, 


07 


07 
07 


07 


: 07 


07 


07 


07 


07 


07 
07 


07 
07 


> 06 


07 


BR4 


#320 
#300 
$FO0 
$F2 
#¢$08 
$F 
#$0C 
$F3 
#¢00 
$A00C 


$A002 
$A003 


$07FE 
$07FD 
$07FC 
$07FE 
ER4 
$07FC 
$07FE 
$07FA 
$07FC 
ER4 
$07FA 
$07F9 
$07F8 
$07FA 
ER4 
#301 
$07F7 
$07F6 
NOERROR 


#$00 
$07F7 
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SUEROUTINE#S SET UP BASE ADDRESSES 


sSET FOR 32 CYCLES 


;LOW EYTE EASE ADDRESS $0800 


sHIGH EYTE EASE ADDRESS $0C00 


*SET FCR FOR INTERRUFT ON A 1 TO 0 


TRANSITION 


¢SET ORA AND ORE AS INFUTS 


sENTRY FOINT INTO THE FROGRAM FROM EAS 


s;THIS FART OF THE FROGKAM TESTS FOR 
sERRORS IN INFUT BY ENSURING THAT NO 
+DIODE BELONGS TO MORE THAN ONE GROUF: 


sTHAT IS TO BE LOGGED 


s>THIS IS THE # OF DIODES 
sEETWEEN THE 3RD AND 4TH 
LOGGED.ER4 IS THE ERROR 


sTHIS IS THE # OF DIODES 
s;EETWEEN THE 2ND AND 3RD 


LOGGED 


*;THIS IS THE # OF DIODES 
sEETWEEN THE 1ST AND 2ND 


LOGGED 


TO BE IGNORED 
GROUFS TO BE 
ERANCH 


TO BE IGNORED 
GROUF'S TO BE 


TO BE IGNORED 
GROUFS TO EE 


*THIS THE SIGNAL FOR ERROR FREE INFUT 
sTHIS IS THE SIGNAL FOR THE ANALYTE 


DATA COLLECTION CYCLE 


THIS IS THE SIGNAL FOR INFUT ERROR 
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06E8:4C 
OSEE: 
O6EE 318 
OSECSEA 
O6EDSEA 
OSEESEA 
OSEF SAD 
06F2:36D 
O6F5°8D 
O6F8:36D 
O6FE38D 
O46FE36D 
0701:8D 
0704:CE 
07073 
07073 
0707320 
O70A:3AD 
070D:AD 
0710329 
0712:F0 
07143AD 
07173AC 
O71A% 
O71A3F0 
071032 
071F 388 
0720:D0 
0722:A0 
0724: 
0724320 
0727:C8 
0728:CC 
072E:390 
072D3AC 
07303 
0730:20 
0733:88 
0734:D0 
07363AC 
07393 
07397320 
073C:C8 
073D:CC 
0740:90 
07423AC 
07453 
0745320 
0748388 
0749:D0 
O74E3AC 
074E% 
O74E 32 
0751:C8 
0752:CC 
0755390 
0757 3AC 
O75A$ 
075A320 
075D:88 


EE: 


07 


07 


06 


x 
NOERROR 


BRIS 


FINISH 


$07F9 
$07FE 
$O7FE 
$07FD 
$07FD 
$O7FF 
$O7FF 
$07F8 


ERS 
$A000 
$A00D 
#$10 
ER7 
A000 
$07F8 


ER10 
ER1 


ER? 
#300 


BRZ 
$07F9 
ER10 
$07FA 
ER1 


ER1Ii 
$07F9 


ER2Z 
$O07FE 
ER12 
$07FC 
ER1 


ER13 
$O7FE 


ER2Z 
$07FD 
ER14 
$07FE 
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3GO EACK TO BASIC FROGRAM AND RE-ENTER 
INFUT 


THIS SECTION ADDS AND STORES DIODE 
s;GROUF TOTALS 


sTHIS GIVES THE # OF THE LAST DIODE 
TO BE IGNORED AT THE START OF THE 
ARRAY SCAN 


s;CLEAR IFR 
LOOK FOR START FULSE 


sNOT FOUND IT YET ? 

s;CLEAR IFR 

sLOAD # OF LAST DIODE TO EE IGNORED AT 
START OF SCAN 

3;IF 0 START LOGGING DATA 

s;COUNT OF 1ST SET OF UNWANTED DIODES 


3$ZERO COUNTER FOR 1ST SET OF LOGGED 
DIODES 

3;LOG A DIODE VALUE 

3;COUNT IT 

s;ARE THEY ALL DONE ? 

;IF NOT LOG ANOTHER ONE 

s;LOAD COUNTER WITH # OF DIODES TO EE 
IGNORED 

;COUNT OF 2ND SET OF UNWANTED DIODES 


s;START THE COUNTER HERE FOR THE Z2ND 
GROUF OF DIODES TO BE LOGGED 

$;LOG A DIODE VALUE (2ND SET) 

s;COUNT IT 

;DONE ? 

¢I1F NOT LOG ANOTHER 

;LOAD COUNTER WITH # OF DIODES TO EE 
IGNORED 

;COUNT UNWANTED DIODES 


sSTART COUNTER HERE FOR 3RD GROUF OF 
DIODES TO BE LOGGED 

;LOG A DIODE VALUE (3RD SET) 

;COUNT IT 

;DONE ? 

sI1F NOT LOG ANOTHER 

$LOAD COUNTER WITH # OF DIODES TO EE 
IGNORED ae 
;COUNT UNWANTED DIODES 
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075E:D0 
0760:AC 
07633 

0763320 
0766:CB8 
0767:CC 
076A:90 


' 0760320 


O76F 

O76F :FO 
07713 

07713 

077134C 
0774360 
0775300 
07763 

0776:EA 
0777:EA 
0778320 
O77E3AD 
O77E3AD 
0781329 
0783°F0 
0785:AD 
0788:AC 
O78E 3 

O78E: SFO 
078D:20 
0790:88 
0791:D0 
0793:A0 
07953 

0795320 
0798:;C8 
0799;CC 
079C:90 
O79E SAC 
O7A13 

07A1320 
07A4°88 
07A5:D0 
07A73AC 
O7AAS 

O07AAS20 
07AD:C8 
O7AE3CC 
0761390 
O7E33AC 
07B6:20 
07E9°3B88 
O7BA:D0 
O7BC3AC 
O7BF 

O7BF 320 
07C2:C8 
07C3:CC 
0706390 
07C83AC 
O7CEs 

07CE320 


07 
06 
07 


06 


07 


07 


06 


BR16 


ER1S 
$07FD 


BR2 


S$O7FF 
ER16 
ERS 


BER17 


ER18 


ERS 
$A000 
$A00D 
#910 
ERZ0 
$A000 
$07F8 


ER2Z3 
ER 1 


ER22 
#300 


ERS 
€07F9 
ER23 
$07FA 
BER1 


ER24 
$07F9 


ER3 
$O07FE 
ER2S 
$07FC 
ER 1 


ERZ6 
$O7FE 


ERS 
$07FD 
ER27 
$07FE 


BR1 


278 


sSTART COUNTER HERE FOR 4TH GROUF OF 
DIODES TO BE LOGGED 

*LOG A DIODE VALUE (4TH SET) 

sCOUNT IT 

»DONE ? 

3$IF NOT LOG ANOTHER 

+CHANGE ADDRESSES OF THE DATA STORAGE 
REGISTERS FOR THE NEXT SET OF DATA 
*IF ANALYTE DATA COLLECTION COMPLETE 
STOF AND GO BACK TO BASIC TO SET UF 
FOR BACKGROUND DATA COLLECTION 

;IF LESS THAN 32 SCANS GO ROUND AGAIN 


sTHIS IS THE ENTRY FOINT FROM EASIC 
FOR THE BACKGROUND SUETRACTION 


sINITIALISE FOR BACKGROUND SUETRACTION 
s;CLEAR IFR 

;LOOK FOR START FULSE 

,;ON CONTROL LINE CE1 

sCAN’T FIND IT KEEF LOOKING 

s;CLEAR IFR 

s;LOAD # OF LAST DIODE TO EE IGNORED AT 
THE START OF THE SCAN 

,IF 0 START LOGGING DATA 

s;COUNT OF 1ST SET OF UNWANTED DIODES 


+;ZERO COUNTER FOR 1ST SET OF LOGGED 
DIODES 

s;LOG AND SUETRACT EACKGROUND DATA 

> COUNT 

;DONE ? 

3;IF NOT DO IT AGAIN 

3;LOAD COUNTER WITH # OF DIODES TO EE 
IGNORED 

s;COUNT UNWANTED DIODES 


s;START THE COUNTER HERE FOR THE 2ND 
GRKOUF OF DIODES TO BE LOGGED 

;LOG AND SUETRACT EACKGROUND DATA- 
+(2ND SET) 


;LOAD WITH # OF DIODES. TO EE IGNORED 
COUNT UNWANTED DIODES 


sSTART COUNTER FOR 3RD GROUF OF 
DIODES TO EE LOGGED 

;LOG AND SUETRACT BACKGROUND DATA 
$3KD SET 

;DONE ? 

sIF NOT LOG AGAIN 

;LOAD COUNTER WITH 4TH GROUF OF 
DIODES TO BE IGNORED 

COUNT UNWANTED DIODES 
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07CE:88 
O7CF:D0 
07013AC 
07D4;: 

0704320 
0707:C8 
0708:CC 
07DB:90 
O7DD:EA 
O7DE:EA 
O7DF°EA 
O7EOSEA 
O7E1°3EA 
O7E23EA 
07E3320 
O7E63 

O7ES:3FO 
O7E8:34C 
O7EBS 

O7EB:60 


FA 
FD 
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FF 
F7 
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03 
7E 


07 
06 


07 


06 


07 


249 
250 
251 


252 


253 

254 « 

Zoo 

256 

257° & 

258 FINISH 


EBR28 
$07FD 


BR3 


$O7FF 
ER29 


ERS 


FINISH 
ER19 
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s;START COUNTER HERE FOR 4TH SET OF 
LOGGED DIODES 
$;LOG AND SUETRACT SET #4 


sCHANGE ADDRESSES OF THE DATA STORAGE 
REGISTERS FOR THE NEXT SET OF DATA 
sIF DONE GO BACK TO BASIC 

3IF NOT DONE LOOK FOR ANOTHER 

START PULSE 
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ADDRESS 


HEXADECIMAL 


7FO1 
7FO2 
IFO3 
7404 
7F05 
7F06 
ne Oo) 
7FO8 
TFO9 
7FOA 
7FOB 
7TFOC 
7FOD 
7FOE 
TFOF 
TELO 
abel 
IF L2 
IFES 
7F14 
WES 
TF16 
Cpe 
7F18 
Jp vite) 
TFI1A 
7F1B 
7F1C 
7FAD 
WRLE 
OFAP 


7F20 
TF21 
TF22 
1E2Z3 
7F24 


DECIMAL 


32,5153 


325520 


527 3L 


327,934 


32,543 


32,548 


APPENDIX 5 


USAGE BY THE INPUT 


82538 
S253 
S255 
S253 
8253 
8253 
8353 
8253 
8253 
8:25 3 
8253 
8253 
GAIN 
GAIN 
GAIN 
GAIN 
GAIN 
GAIN 
OF 
OF 
OF 
OF 
OF 
OF 


He HE te HE te HE 


# OF REPLICATES, 


#3 
#3 
#3 
#3 
#3 


COUNTER 
COUNTER 
COUNTER 
COUNTER 
COUNTER 
COUNTER 
COUNTER 
COUNTER 
COUNTER 
COUNTER 
COUNTER 
COUNTER 


CODE ARRAY 
CODE ARRAY 
CODE ARRAY 
CODE ARRAY 
CODE ARRAY 
CODE ARRAY 
REPLICATES 
REPLICATES 
REPLICATES 
REPLICATES 
REPLICATES 
REPLICATES 


# 0 
#0 
#1 
#1 
#2 


SCRATCHPAD MEMORY USAGE WITH THE APPLE II+ 


BUFFER 
LOW BYTE 
HIGH BYTE 
LOW BYTE 
HIGH BYTE 
LOW BYTE 
HIGH BYTE 
LOW BYTE 
HIGH BYTE 
LOW BYTE 
HIGH BYTE 
LOW BYTE 
HLGH BYTE 


ARRAY #0 
ARRAY #1 
ARRAY #2 
ARRAY #3 
ARRAY #4 
ARRAY #5 


DUPLICATE 
LIST, TO BE DECREMENTED 


TEMPORARY ADDRESS ARRAY 
IDENTITY CODE 


GAIN AND CHANNEL CODE FOR SELECTED 


ARRAY 
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ADDRESS 


HEXADECIMAL 
TELS 


7F 26 
7F27 
7TE28 
TE2Z9 
TF2A 
7F2B 
ITE2C 
7F2D 
TF2E 
TF2F 
7F30 
TES1 


DECIMAL 


32,550 


USAGE 


USAGE BY BACKGROUND RAW DATA FILE 


8253 DATA SPECIFYING INTEGRATION 
TIMES FOR THE BACKGROUND RAW DATA 
FILLE 


TF 32 CYRy: 


TESS 
7F34 
TES9 
7F36 
TES 
TE38 
LE so 
7F3A 
7TESB 
7TESC 
7F3D 
TF3E 
TPSF 
7F40 
7F41 
7F42 
TF43 
7F44 
7F45 
7F 46 
7F47 
7F48 
7F49 


32,008 


32,574 


GAIN CODES FOR BACKGROUND 
RAW DATA FILE 


# OF REPLICATES FOR BACKGROUND 
RAW DATA FILE 


USAGE BY ANALYTE MEANS FILE 


8253 DATA SPECIFYING INTEGRATION 
TIMES FOR THE ANALYTE MEANS FILE 


7F4A 
7F4B 
7F4C 
7F4D 
7F4E 
7F4F 


327,500 


GAIN CODES FOR ANALYTE MEANS FILE 


TF50 
wel 


B25 D272 
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ADDRESS 


HEXADECIMAL 
TES 2 
7F53 
TF54 
ESS 
FESO 
7F47 
TF58 
NE S9 
7F5A 
7F5B 
FESC 
TED 
TE5E 
TF SF 
7F60 
TF61 
7F62 
7TF63 
7F64 
EGS 
7F66 
TE6] 
7F68 
TEGOY 
7FO6OA 
7F6B 
ZeoCc 
7F6D 
TE6E 
TF6F 
LESLO 
Cee 
TEel 2 
E73 
TF74 


DECIMAL 


327,098 


S270 


327,616 


S26 2e 
32°623 
32,624 
32,625 
32,626 
327627 
32,628 


FILE 
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’ # OF REPLICATES FOR ANALYTE MEANS 


USAGE BY BACKGROUND MEANS FILE 


8253 DATA SPECIFYING INTEGRATION 
TIMES FOR THE BACKGROUND MEANS 


FILE 


GAIN CODES FOR BACKGROUND MEANS 


FILE 


# OF REPLICATES FOR BACKGROUND 
MEANS FILE 


ADDRESS 
ADDRESS 
ADDRESS 
ADDRESS 


LOW BYTE 
HIGH BYTE 
LOW BYTE 
HIGH BYTE 


LOW BYTE ADDRESS 
FOR DAC DISPLAYS 
HIGH BYTE ADDRESS 
FOR DAC DISPLAYS 


INNER LOOP CMP ADDRESS FOR RECORDER 
DELAY VALUE FOR CHART RECORDER 
OFFSET VALUE FOR RECORDER OUTPUT 
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APPENDIX 6 


APPLE II+ PROGRAMS 


The 6 array system programs are menu driven and user 
friendly. DRA is the display program that runs when the 
system is booted and its main purpose is to make sure. that 
the disks are in their correct drives. 

DRS is the main menu program. 

SEL1 receives integration time information and stores 
it in scratchpad memory. It corrects the values of the 
integration times so that they follow the rules that avoid 
readout clashes. It then calls its own machine code program 
MC1BA.OBJO. 

The machine code program closes the gates on the 
counters on the first two 8253 chips by generating a low 
logic level through the game I/O port. It checks again, 
this time in machine code, that the integration times follow 
the readout clash avoidance rules. It loads all the 
counters and then opens the gates so that the timing 
operations can commence. The program then calls the next 


option, SEL2. 
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REM PROGRAMXXDRAxx 


HIMEM: 29439 
REM INITIAL DISFLAY WHEN SYSTEM BOOTED 
HOME - 
HTAE 8:3 FRINT “DIRECT READER DATA HANDLING" 
HTAEB 163 FRINT "“FROGRAMS" 
FRINT $ FRINT "THE SYSTEM DISC SHOULD BE IN DRIVE #1"%$ PRINT 
PRINT "FILE DISCS SHOULD EE IN DRIVE €2" 
FRINT $ FOR X = 1 TO 20003 NEXT X$ FRINT 
PRINT "ork 90K KOKORO 
FRINT $ FRINT "DATA IS COLLECTED AND MANIFULATED IN"’ FRINT 
PRINT "BINARY AND CONVERTED TO VOLTAGE" 
FOR X = 1 TO 40003 NEXT X$ FRINT &$ FRINT 
FRINT “SELECT ONE OF THE FOLLOWING OFTIONS BY" 
FRINT "ENTERING THE NUMBER’ FRINT $ FRINT 
FRINT CHRS (4)3"RUNDRS" 


REM FROGRAM *xXDRKSXx 


HIMEMS 29439 
REM FROGRAM FOR SELECTION OF OF TIONS 
HTAE 43 FRINT “1. DEFINE THE INTEGRATION TIMES" 
HTAE 43 FRINT "2. ACQUIRE SETS OF DATA FOINTS" 
HTAE 4% PRINT "3. SET UF A SHORT INTEGRATION TIME" 
HTAE) 93 FRINT "FOR A SINGLE ARRAY" 
HTAE 4% FRINT "4. SUETRACT EACKGROUND AND" 
HTAE 93 FRINT "STORE AS MEANS" 
HTAE 4% PRINT "S. DISFLAY GRAF HICALLY ON THIS SCREEN" 
HTAE 4% FRINT "6. SAVE DATA ON DISKETTE" 
HTAE 4% FRINT "7. DISFLAY ON AN OSCILLOSCOFE" 
HTAE 43 FRINT "8. OUTFUT TO CHART RECORDER" 
HTAE 43 FRINT "9. DISFLAY VALUES ON THIS SCREEN" 
HTAE 43 FRINT "10. SMOOTH (FAIR AVERAGE) THE" 
HTAE 93 FRINT “INFUT EUFFER™ 
HTAE 43 FRINT “11. OETAIN DATA VALUES FROM A FILE" 
HTAE 4% FRINT "12. CALCULATE CONCENTRATIONS"$ FRINT 
FRINT "ENTER INSTRUCTION # AND FRESS RETURN" 
INFUT E$ 


5 D$ = CHR (13) + CHRS (4) 


e 
e 


FRINT 


FRINT 


ON VAL (EB) GOTO 210,220,230,240,250,260,270,280,290,300,310,330 


IF VAL (BE) > 12 GOTO 10 
PRINT D$;"RUNSEL1" 
FRINT D#;"RUNSEL2" 
FRINT D$;"RUNSEL3" 
FRINT D$}"RUNSEL4" 
FRINT D%;"RUNSELS" 
PRINT D$3;"RUNSEL6" 
FRINT D¢$"RUNSEL7" 
FRINT D$;"RUNSELB" 
FRINT D¢#;"RUNSEL9" 
FRINT D$};"RUNSEL10" 
FRINT D#;"RUNSEL11" 
FRINT D$;"RUNSEL12" 
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REM PROGRAM ™«xSEL1xx 
HIMEM? 29439 
REM FROGRAM TO SET THE INTEGRATION TIMES FOR SIX ARRAYS 
HOME | 
PRINT “IF NEW INTEGRATION TIMES ENTER 1" 
FRINT 5 
FRINT “IF SAME AS BEFORE ENTER 2" 
INFUT FS 
ON VAL (FS) GOTO 90,310 
PRINT 
FRINT “ENTER INTEGRATION TIMES IN SECONDS FOR SIX ARRAYS(MAXIMUM 205 SECS) 
PRINT "IF ARRAY NOT USED ENTER 0" 
FOR I = 0 TO 5: 
REM FOR EACH ARRAY 
PRINT "ARRAY @ "$I! INFUT 6 
E = 0.5:F = 2563D = 3,1289E - 33H = 32 
IF & = 0 THEN 230 
REM ROUND OFF INTEGRATION TIME TO AN INTEGER MULTIPLE 
REM OF THE STANDARD TIME INCREMENT 
C = INT (B / (D * H) + E) & H 
REM DIVIDE INTO A TWO EYTE VALUE AND FOKE INTO SCRATCH FAD MEMORY 
TeEtG 7fF:Gt= INT (Td 
J= INT (F ® (T +='G) + E) 
IF G > 255 THEN FRINT "TOO LONG": GOTO 130 
IF G > 0 THEN 240 
IF J < 32 THEN PRINT "TOO SHORT": GOTO 320 
GOTO 240 


I,J% sPORE *32514° 4 2X -15G 
b= st. x 
tes" INT Clee POR. 4044.5) 4/1 INT C1084 54054 6S) 
FRINT CHRS (4)3"FR#1i" : 
FRINT "ACTUAL INTEGRATION TIME ARRAY# "3I3"="$L3 "SECONDS" 
FRINT CHRS (4)3"FRE0" 
NEXT I 
REM RUN THE MACHINE CODE FROGRAM THAT LOADS THE 8253 COUNTERS 
FRINT CHR (4)3;"ERUNMCIEA.OBJO" 
REM NOW COLLECT DATA 
FRINT CHR (4);"RUNSEL2" 
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SOURCE FILE: MCiBA 


00003 1 KKKKXMCIEAKKxx 
0000: 2 XFART OF FROGRAM FOR SETTING INTEGRATION TIMES FOR 6 ARRAYS 
0000: 3 “THE BASIC FROGRAM HAS FREVIOUSLY POKED THE INTEGRATION TIMES 


INTO SCRATCH PAD MEMORY 
ran a ag NEXT OBJECT FILE NAME IS MC1IEA.OBJ0 


92373 4 ORG $9237 

92373 5 xCLOSE THE GATE ON 8253 #1 COUNTER 0 DURING LOADING 

92373AD 58 CO 6 LDA $C058 

C0D0: 7 CLK EQU $CO0D0 

923A! 8 «FOR 8253 # 1 

923A3A9 34 9 LDA #$34 3LOAD MODE WORD COUNTER 0 MODE 2 

923C38D D3 CO 10 STA CLK+3 $LOAD INTO 8253 #1 

923F 3A? 50 11 LDA #€$50 $LOAD MODE WORD COUNTER 1 MODE 0 

924138D D3 CO 12 STA CLK+3 LOAD INTO 8253 #1 

92443A9 90 13 LDA #$90 $LOAD MODE WORD COUNTER " MODE 2 

924638D D3 CO 14 STA CLK+3 $LOAD INTO 8253 #1 

92493 15 «COUNTER #0 IN MODE 2 DIVIDES CLOCK RATE BY 3200 

92493AF B80 16 LDA #$80 3LOAD COUNTER 0 LOW BYTE 

924E:8D DO CO 17 STA CLK SWRITE LOW BYTE 

924ESAP OC 18 LDA #€$0C LOAD COUNTER 0 HIGH BYTE 

9250:8D DO CO 19 STA CLK SWRITE HIGH BYTE 

92533 20 xCOUNTERS #1 AND 2 OF 8253 #1 AND ALL 3 COUNTERS OF 8253 #2 

92533 21 XARE IN MODE 0.THEY GATE COUNTERS #1 AND 2 OF 8253 #3 AND 

92533 22 “ALL 3 COUNTERS OF 8253 #4 THEREBY DELAYING THE START OF 

9253! 23 xTHEIR COUNTS 

92538A9 04 24 LDA $04 $LOAD COUNTER 1 LOW EYTE (ONLY) 

9255:8D D1 CO 25 STA CLK+1 SWRITE LOW EYTE (ONLY) 

9258309 09 26 LDA #$09 — $LOAD COUNTER 2 LOW BYTE (ONLY) 

925A:8D D2 CO 27 STA CLK+2 $WRITE LOW BYTE (ONLY) 

925D3 28 xFOR 8253 # 2 

925D3A9 10 29 LDA #€$10 $LOAD MODE WORD COUNTER 0 MODE 0 
25F:8D D7 CO 30 STA CLK+7 $LOAD INTO 8253 #2 

92623A9 50 31 LDA #$50 $LOAD MODE WORD COUNTER 1 MODE 0 

9264:8D D7 CO 32 STA CLK+7 SLOAD INTO 8253 #2 

92673A9 90 33 LDA #€$90 $LOAD MODE WORD COUNTER 2 MODE 0 

9269:8D D7 CO 34 STA CLK+7 $LOAD INTO 8253 #2 

926C3A9 OF 35 LDA #$0F $LOAD COUNTER 0 LOW EYTE (ONLY) 

926E:8D D4 CO 36 STA CLK+4 SWRITE LOW BYTE (ONLY) 

9271309 14 37 LDA #$14 $LOAD COUNTER 1 LOW EYTE (ONLY) 

9273:8D DS CO 38 STA CLK+S SWRITE LOW BYTE (ONLY) 

92763A9 19 39 LDA $19 $LOAD COUNTER 2 LOW BYTE (ONLY) 
9278:8D D6 CO 40 STA CLK+6 $WRITE LOW BYTE (ONLY) 

927B3 41 x8253’S #3 AND 4 CONTROL THE ACTUAL INTEGRATION TIMES. 

927E3 42 “AFTER MODE WORDS ARE LOADED (ALL COUNTERS IN MODE 2) 

927B3 43 xTHE COUNTERS ARE LOADED WITH THEIR COUNTS FROM SCRATCH 

927E3 44 xFAD MEMORY,WHERE THEY WERE FLACED BY THE EASIC FROGRAM 
927EtA9 34 45 LDA #€$34 $LOAD MODE WORD COUNTER 0 MODE 2 
927D:8D DE CO 46 STA CLK+$B $LOAD INTO 8253 #3 

9280tA9 74 47 LDA $74 3LOAD MODE WORD COUNTER 1 MODE 2 
9282:8D DE CO 48 STA CLK+$E $LOAD INTO 8253 #3 

92851A9 B4 49 LDA #$E4 LOAD MODE WORD COUNTER 2 MODE 2 
9287!8D DE CO 50 STA CLK+$& $LOAD INTO 6253 #3- 

92BAtAD 01 7F Sil LDA $7F01 $FETCH LOW EYTE 1ST INTEGRATION TIME 

928D329 E0 52 AND #$E0 $MAKE SURE IT IS A MULTIFLE OF 32 

928F:8D D8 CO 53 STA CLK+8 SWRITE LOW BYTE 

92923AD 02 7F 54 LDA $7F02 $FETCH HIGH BYTE 1ST INTEGRATION TIME 

9295:8D D8 CO 55 STA CLK+8 SWRITE HIGH BYTE 

9298:AD 03 7F 56 LDA $7F03 sFETCH LOW BYTE 2ND INTEGRATION TIME 

929B329 EO 57 AND #$E0 $GUARANTEE THAT IT IS A MULTIPLE OF 32 


929D:8D D9 CO 38 STA CLK+t9 sWRITE LOW BYTE 
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92A03AD 
92A3:38D 
92A6 3 AD 
92A9329 
92ZAE 38D 
9ZAES AD 
92E1:8D 
GZEASAP 
92E638D 
GZE9LAI 
92EE38D 
G2ZEESAS 
92C0:38D 
92C3:3AD 
920632 
92C8:8D 
92CE3AD 
92CE?8D 
92D1:3AD 
9204329 
92D638D 
92D93AD 
92DC38D 
92DF3AD 
92E2329 
92E4:8D 
92ZE73AD 
92ZEA: 8D 
9ZED:3EA 
9ZEE3EA 
O2ZEF3EA 
92Z2F 03 
92F0%AD 
92F 3360 
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NOF 


$7F04 
CLK+9 
$7F05 
#€$E0 
CLK+$A 
$7F06 
CLK+$A 
#$34 
CLK+$F 
#374 
CLK+$F 
#€$E4 
CLK+$F 
$7F 07 
#$E0 
CLK+$C 
¢7F08 
CLK+$C 
$7F09 
#$E0 
CLK+$D 
$7FOA 
CLK+$D 
$7F0E 
€$E0 
CLK+$E 
$7F0C 
CLK+$E 
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sFETCH HIGH BYTE 2ND INTEGRATION TIME 
sWRITE HIGH BYTE 

s;FETCH LOW EYTE SRD INTEGRATION TIME 
sA MULTIFLE OF 32 ? 

s;WRITE LOW BYTE 

sFETCH HIGH BYTE 3RD INTEGRATION TIME 
sWRITE HIGH EYTE 

+LOAD MODE WORD COUNTER 0 MODE 2 
sLOAD INTO 8253 #4 

*LOAD MODE WORD COUNTER 0 MODE2 

sLOAD INTO 8253 #4 

9yLOAD MODE WORD COUNTER 0 MODE 2 
s;LOAD INTO 8253 #4 

sFETCH LOW BYTE 4TH INTEGRATION TIME 
$A MULTIPLE OF 32 ? 

s;WRITE LOW BYTE 

sFETCH HIGH EYTE 4TH INTEGRATION TIME 
sWRITE HIGH BYTE 

s;FETCH LOW BYTE STH INTEGRATION TIME 
70 MULTIPLE GE 32 7 

sWRITE LOW BYTE 

s;FETCH HIGH EYTE STH INTEGRATION TIME 
sWRITE HIGH BYTE 

sFETCH LOW EYTE 6TH INTEGRATION TIME 
$A MULTIFLE OF 32 ? 

s;WRITE LOW BYTE 

sFETCH HIGH BYTE 6TH INTEGRATION TIME 
sWRITE HIGH BYTE 


*ALL COUNTERS LOADED SO OFEN THE GATE ON 8253 #1 COUNTER 0 
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The program (Sh L2) 2e eee (data, acquisition p-OROgmal aauslits 
has provisions for signal averaging but not background 
subtraction which is handled separately. The BASIC proyram 
asks for, and POKES into scratchpad memory, the range 
setting for the programmable AI13 analog to digital 
converter and the number of replications required for each 
array. It then calls the machine code program MC2AA.OBJO to 
get the data values and later calls other programs to 
transfer the data to other memory locations (files) before 
or after calculation of mean values. 

The machine language program MC2AA is relatively 
complex. It first makes a second copy of the replications 
requested, ‘the second set to be decremented as counters. Bie 
looks for the rising edge of a start pulse and identifies 
the array about to be Mead out. | Le then checks 1&£ the: array 
data set is needed and if it is, it selects the gain code 
for that array from Scrateh pad’ memory and sets the A/DC to 
the required range and channel. The program then generates 
the base addresses for. the low, high end carry bytes of data 
for that. array, (indexing is uSsedrtovdit ferent rate between 
the diodes) and writes them forward, in the program. It then 
looks ‘for the falling, edge of the start pulse: and commences 
the: data -acquisittiom Joop tor that «array. It cues the A/DC 
to convert on vecelpt cf a trigger andy polls tora 
conversion completed signal. The A/DC output values are 


read and stored in the appropriate addgesses: 
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After each array has been logged, the replicate count 


for that array is decremented. When all replicate counts 


have been decremented to zero the program ends. 


Other programs called by SEL2 are:- 
Live MC2B.OBJ0 which transfers the new data 
Background Raw Data File using machine 
Ish. SEL2A which calculates the mean values 


in the Analyte Means File; MC5 is used 


to the 


code. 


and stores them 


to transfer the 


replication and gain parameters in machine code. 


iii. SEL2B and MC6 which perform the same function, 


transferring to the Background Means File. 
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REM FROGRAM xxSEL2xx 


HIMEM? 29439 
REM THIS IS THE DATA ACQUISITION FROGRAM 

HOME ; 

HTAE S3 FRINT "ACQUISITION OF DATA POINTS" PRINT ¢ PRINT - 
HTAE S$ PRINT “TWO FARAMETERS ARE REQUIRED" 
FRINT $ FRINT ¢$ FRINT 3"1. THE CONVERSION RANGE OF THE ADC"$ FRINT $ PRINT 
PRINT "2.THE NUMBER OF REPLICATES FOR EACH ARRAY" 
PRINT 3? FRINT $ FRINT 3"IF NEW PARAMETERS ENTER 13 PRINT 
Priva thy Joe SANE ENTER? 2a 
INFUT M 
ifm = 2 THEN 110 

af OMU= 2) THEN 400 

FOR IT = 0 70 S 
D$¢ = CHRS (4) 

FRINT D$;"FR#1" 

FRINT “ARRAY #"51 

FRINT D$;"FRE0" 

FRINT "SELECT THE # CORRESFONDING TO THE EXFECTED SIGNAL RANGE" 
REM SET THE A/DC RANGE 

FRINT “0. O TO +5.0V0LTS" 

PRIN “i © 10 +1. 0VOLTS™ 

EREINT “2 0°10 +0, S5V0ETSFT 

FRINT "3 0 TO +0.1VOLTS" 

PRINE “4 =S.0 TO *+5.0V0CTS> 

PRINT 2S [=2.0 TO +1. 0VOETS" 

FRINT "6 -0.5 TO +0.-SVOLTS” 

PRINT °7, “=0..1° 70,40 .1VOLE1Ss 

INFUT K 

FRINT D$;"FR#1i" 

FRINT "RANGE #"3K 

FRINT D$;"FR#0" 

POKE 32525 + I,K Rk 16sec] 


FRINT "SELECT THE #@ OF REFLICATES FOR THIS ARRAY (MAXIMUM 127" 
FRINT "IF ARRAY NOT USED ENTER 0" 
INFUT L 


FRINT D$;"FPRE1" 

FRINT "# OF REPLICATES="5L 

FRINT D$;"FR#0" 

FOKE (S2o31 + Tt 

PRINT 

PRINT 

NEXT I 

REM WAIT FOR THE ARRAYS TO BE CLEARED 

HOME $ INVERSE ¢$ VTAEB 3: FRINT "WHEN THE SOURCE IS READY" 
VTAE 63 FRINT "FRESS THE WHITE BUTTON ON THE GREY EOX" 
VTAE 93 FRINT "WAIT UNTIL THE GREEN LIGHT COMES ON" 
VTAE 123 FRINT "THEN FRESS ANY KEY TO COLLECT DATA" 
NORMAL 

C6EC> = 736 

FRINT "HERE WE GO" 

REM RUN THE MACHINE CODE FROGRAM TO COLLECT DATA 
FRINT CHRE (4)3"BRUNMC2AA.OBJ0" 

HOME 

FRINT “CHOOSE? -" 

PRINT 

HTAE 73 FRINT "1. RETURN TO MAIN MENU" 
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930 
940 
v0 
360 
570 
380 
390 
JIO 
600 
605 
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Oz 

640 
645 
650 
6355 
660 
670 


FRINT 

HTAE 73 PRINT "2. TRANSFER RAW DATA TO" 
HTAE 103 PRINT “BACKGROUND STORAGE" 
FRINT ; 

HTAE 73 FRINT "3. CALCULATE MEANS FOR " 
HTAE 103 FRINT "ANALYTE DATA" 

FRINT 

HTAE 73 FRINT "4. CALCULATE MEANS FOR " 
HTAE 10% FRINT "BACKGROUND DATA" 

FRINT 

INFUT "ENTER 1,2,3 OR 4 "SES 


DS = CHRE (4) 


ON VAL (E$) GOTO 620,640,650,660 
FRINT D$;"RUNDRS" 

FRINT D$;"ERUNMCZE.OERJU0" 

GOTO 620 

FRINT D$;"RUNSELZA" 

GOTO 620 

FRINT D$$"RUNSELZE" 

GOTO 620 
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SOURCE FILE? 


92023A2 
9204°BD 
920739D 
920ASCA 
9206310 
92Z20DiEA 
920ESEA 
920F SEA 
9210; 
92103 
9210°3A9 
9212:8D 
P21S3AZ 
92173AP 
9219:39D 
921C:9D 
9Z1F 37D 
922239D 
9225:°9D 
9228°39D 
922E39D 
G22e.7D 
9235159) 
9234:°3CA 
9235:3D0 
9237°A9 
9239:8D 
923C3 
92303 AD 
923E:8D 
9241°AD 
92442AD 
AT ha MY Se 
9249 5F0 
9248 
92412 ¢AD 
G29E +27. 
9250:8D 
253°AA 
254 °3BD 
9297 SFO 
92597 % 
297 8 
9259330 
925E°3ED 
925E38D 
92613 
92613 
92613 
9261:8D 
9264°AD 


E3 
aa 


rg 


co 
7F 


MCZAA 
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NEXT OBJECT FILE NAME IS MCZAA.OBU0 
i ORG $9200 
2 xPROGRAM TO READ ALL 6 ARRAYS AND RECORD DIGITISED VALUES 
3 PORT  EQU $C400 
4 ADC EQU $COBO0 
5 CLD 
é SEI 
7 xCOFY THE REPLICATION REQUIRED. 2ND SET TO BE DECREMENTED 
8 LDX #$05 
9 BRI LDA $7F13,X 
10 STA $7F19,X 
11 DEX 
12 EFL &R1 
13 NOP 
14 NOF 
15 NOF 
16 «SIGNAL AVERAGING REQUIRES USE OF ADDITION. 
17 xSTORAGE MEMORY MUST BE ZERO FILLED BEFORE DATA COLLECTION 
18 LDA #$01 
19 STA FORT+$1E $ENAELE FORT A LATCHES 
20 LDX #$00 
21 LDA #$00 
22 BR2 STA $8000,X 
23 STA $8100,X 
24 STA $8200,X 
25 STA $8300,X 
26 STA $8400,X 
2 STA $8500,X 
28 STA $8600,X 
29 STA $8700,X 
30 STA $8800,X 
31 DEX 
32 ENE ERZ 
33 ER4 LDA #$00 
34 STA FORT+$13  $SET DDRA FOR INFUTS ON ORA 
35 LOOK FOR THE RISING EDGE OF THE START FULSE 
36 LDA #$01 
37 STA FORT+$1C $SET PCR FOR RESFONSE ON CA 
38 LDA FORT+$11 $BUT FIRST CLEAR THE IFR 
39 BR3 LDA FORT+$1D $READ IFR 
40 AND #$02 3CHECK FOR CA1 INTERRUPT FLAG 
41 EEQ ER3 3IF NOT FOUND KEEF LOOKING 
42 xCLEAR IFR.«READ ARRAY IDENTITY CODE FROM THE 74148 CHIP 
43 LDA FORT+$114 
ae AND #€$07 ;CLEAR UFFER 5 BITS 
45 STA $7F1F ;STORE IT 
46 TAX 3STORE ARRAY IDENTITY IN X REGISTER 
47 LDA $7F19,X  $LOAD THE REPLICATION COUNT 
48 FEQ ER4 
49 «IF DECREMENTED COUNTER IS ZERO REJECT THE START FULSE 
50 “AND LOOK FOR ANOTHER ONE 
oe EMI ER4 $Q SAFETY TRAF IN CASE OF ACCIDENTS 
52 LDA $7F0D,X  $SELECT THE GAIN CODE FOR THE ARRAY 
53 STA $7F24 $AND STORE IT 


*xA DUMMY WRITE TO IS NOW MADE TO THE ADC TO GIVE THE CHANNEL 
xSWITCHES AND AMFLIFIERS TIME TO SETTLE.THE ADC IS SET TO 


*xXRESFOND TO A TRIGGER AND SET A FLAG WHEN DONE 
STA ADC+3 
LDA $7F1F sLOAD WITH THE ARRAY IDENTITY CODE 
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92673 
92673 
9267 34A 
92683 
926B°3AA 
92693 
92693 
92693 
9269 3E0 
926E 3 
92Z6E SAP 
926D:8D 
9270°8D 
9273 <48D 
927638D 
9279%38D 
927038D 
F277 3 FO 
92813 
9281 3A9 
9283°8D 
9286 38D 
928°°8D 
928C 28D 
928F $8D 
9Z29238D 
F299 s 
92953 
P29S's 
20s 
9295 3B8A 
2763 1S 
9297 569 
9297.80 
9290 38D 
92Z9F 8A 
92A0369 
92AZ38D 
92ZAS3BD 
PZAB IBA 
92A9269 
9ZAES 8D 
9ZAE. 3 8D 
4) F503 | 5 
92ZE12A9 
92E338D 
92ZE63AD 
9ZE9 SAD 
P2EC. 2 
PLES FO 
9200 3AZ 
9202 AD 
92C5 38D 
92CBSAD 
G2CE 329 
92CD3F 0 
92CF SAD 
92D237D 
92D539D 
92D8°AD 


88 

B89 ERG TXA 

90 CLC 

91 ADC #480 

9z STA ADD1I+2 
93 STA ADD2+2 
94 TXA 

95 ADC #¢83 

96 STA ADD3+2 
97 STA ADD4+2 
98 TXA 

99 ADC #%86 
100 STA ADDS+2 
101 STA ADD6+2 
102 x*xLOOK 

103 LDA #00 
104 STA FORT+$1C 
105 LDA FORT+$11 
106 ER7 LDA FORT+¢%1D 
107 AND #302 
108 EEQ ERZ 

109 LDX #€$%7F 
110 ER9 LDA $7F24 
111 STA ADC+3 
112 ERS LDA ADC+$1 
113 AND #80 
114 EEQ ERB 

1:35 LDA ADC 

116 ADD1 ADC $FFFF,X 
117 ADD2 STA $FFFF,X 
118 LDA ADC+1 


*xTHE CODE IS NOW SHIFTED ONE EIT RIGHT.IF IT IS ODD THE 
xCARRY FLAG IS SET.IF EVEN THE CARRY FLAG IS RESET 


KSAVE THE UFFER BITS OF THE CODE IN THE 


XTHE LOW EYTE OF THE EASE ADDRESSES FOR 
xSELECTED ACCORDING TO THE STATE OF THE 


LSRK 


TAX 


A 


xXFORWARDS IN THE FROGRAM 


«IF THE 


XIE THE 
ERS 


XRELOAD WITH 


“ADDRESSES FOR 


ECS 


ARRAY IS EVEN THE LOW BYTE BASE 


LDA 
STA 
STA 
STA 
STA 
STA 
STA 
EBEQ 


BRS 


#200 
ADD1i+1 
ADD2+1 
ADD3+1 
ADD4+1 
ADDS+1 
ADDé+1 
ER6 


X REGISTER 


DATA STORAGE ARE 
CARRY AND WRITTEN 


ADDRESS IS $00 


ARRAY IS ODD THE LOW EYTE BASE ADDRESS IS $80 


LDA 
STA 
STA 
STA 
STA 
STA 
STA 


#$80 

ADD1i+1 
ADD2+1 
ADD3+1 
ADD4+1 
ADDS+1 
ADDé+1 
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THE UFFER BITS OF THE ARRAY CODE AND ADD THEM TO 
KXTHE STARTING ADDRESSES IN TURN TO GET THE HIGH BYTE BASE 


THE LOW,HIGH AND CARRY FILES FOR 


DATA 


*OSTORAGE AND WRITE THEM FORWARDS IN THE FROGRAM 


s;CLEAR CARRY FLAG IF SET 


FOR THE FALLING EDGE OF THE START PULSE 


sSET FCR FOR FALLING EDGES 


; CLEAR 


THE IFR 


sRKEAD IFR 
FOR CA1 INTERRUF'T FLAG 
;IF WOT FOUND KEEF LOOKING 
+710 LOG 128 DIODES 

s;LOAD WITH THE GAIN CODE 


7 CHECK 


sINITIATE CONVERSION AFTER TRIGGER 
sLOOK FOR CONVERSION COMPLETED eas 


$1 IN MSE IS DONE FLAG 

;IF NOT DONE KEEF LOOKING 
sFETCH LOW EYTE OF CONVERSION 
sADD IT TO DATA 
sALREADY COLLECTED 

s;FETCH HIGH EYTE OF CONVERSION 
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92DB329 
920D 37D 
92E0:9D 
92E3°ED 
92E6369 
92E839D 
92ZEE3CA 
92EC310 
VZEEs 

92EE SAE 
92F1°DE 
9264s 

92F 4318 
92FS3AD 
92F8:36D 
92FE36D 
92FE36D 
930136D 
9304346D 
9307°E0 
93093F0 
93083 4C 
93012 360 


FF 
FF 


SOURCE FILE: 


921 E3ED 
VeLe.ID 
9221°3ED 
922439D 
9227°ED 
922A389D 
922D3ED 
9230:9D 
9233°ED 
923639D 
9239°CA 
923A:D0 
923C3 

923C%AZ 
923E3ED 
924139D 
9244:CA 
9245310 
9247360 


7h 
7F 


MC2E: 
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s;CLEAR OFF UPFER 4 BITS 
sADD IT TO DATA 

sALREADY COLLECTED 

sLOAD THE CARRY BYTE 

*ADD THE CARRY FLAG IF SET 
sUFDATE THE FILE 


sLOG ANOTHER DIODE IF NOT DONE 
DECREMENT IT’S REFLICATE COUNT 
s$LOAD WITH THE ARRAY CODE 

sDECREMENT THE CORRECT REFLICATE COUNT 


*NOW TEST FOR COMPLETION OF ALL REQUESTED ARRAYS AND RUNS 


;I1F NOT DONE GO AGAIN 
sEACK TO BASIC WHEN FINISHED 


KXTRANSFER RAW DATA FROM INFUT EUFFER TO BACKGROUND RAW DATA 
KMEMORY SFPACE.THIS LEAVES THE INFUT BUFFER FREE 


26 KNOW TRANSFER THE GAIN AND REFLICATION DATA 


119 AND #€$0F 
120 ADD3 ADC S$FFFF,X 
121 ADD4 STA $FFFF,X 
122 ADDS LDA $FFFF,X 
123 ADC #€$00 
124 ADD6 STA SFFFF,X 
125 DEX 
126 BFL ER? 
127 *THE ARRAY HAS BEEN LOGGED. 
128 LDX $7F1F 
129 DEC $7F19,X 
130 
131 CLC 
132 LDA $7F19 
133 ADC $7F1iA 
134 ADC $7F1E 
135 ADC $7F1iC 
136 ADC $7F1D 
137 ADC $7F1iE 
138 ECS BRE 
139 BEQ ERA 
140 BRE JMF ER4 
141 ERA RTS 
NEXT OBJECT FILE NAME IS MCZE.0EJ0 
1 ORG $9200 
2 
3 
| CLC 
re) LDX #€$00 
6 BRI LDA #8000,X 
L STA $€89700,X 
8 LDA $€8100,X 
7. STA $8A00,X 
10 LDA $8200,X 
as STA $8E00,X 
TZ LDA $8300,X 
13 STA $8C00,X 
24 LDA $8400,X 
15 STA $8D00,X 
16 LDA $8500,X 
AZ. STA $8E00,X 
18 LDA $8600,X 
19 STA $8F00,X 
20 LDA $€8700,X 
21 STA $€$9000,X 
22 LDA $8800,X 
23 STA $€9100,X 
24 DEX 
25 ENE ER1 
ae, LDX #$17 
28 BR2 LDA $€7F01,X 
ae STA $7F26,X 
30 DEX 
31 BPL ERZ 
32 RTS 
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1 REM PROGRAM *xSELZAxKx 

= HLMEM?: 29439 

10 REM THIS OFTION CALCULATES MEANS FROM DATA IN THE INPUT BUFFER 
12 REM AND STORES THEM IN THE ANALYTE MEANS FILE 

20 D$ = CHRS (4) 

30 AA = 32768°E = 128:C = 768:D = 15363E = 32531°F = 309763S = 256 
220 FOR Ty=90 TOaS 

i125 W=F +I x BX =W+C 

130 A= AA +I *KX BSK = A+ CSL = A+ DIM = PEEK (CE + I) 


135 IF M = 0 THEN 200 . 

140 FOR N = 0 TO 127 

150 0 = FEEK (A + N)SF = FEEK (K + NDSQ = PEEK (L + N) 
1640 R= ((@x*S+F) «*S + 0) / M3T = INT (R / S) 

170 U = INT (R - S KT) 


180 POKE W + N,Us FPOKE X + N,T 
190 NEXT N 

200 NEXT I 

210 FRINT D$;"ERUNMCS.OBJ0" 
220 FRINT D¢;"RUNSEL2" 


SOURCE FILE: MCS 
= <= <= NEXT OBJECT FILE NAME IS MCS.OEBJ0 


92003 1 ORG $9200 

9200; 2 TRANSFER REPLICATION AND GAIN DATA 
92003 3 xFOR ANALYTE MEANS FILE 

92003 4 “FROM THE INFUT BUFFER 

9200%A2 17 2 LDX #$17 

92023ED 01 7F 6 BR1 LDA $7F01,X 

S205: 9D SEY7 i 7 STA #7F3E,X 

9208:3CA 8 DEX 

9209310 F7 9 od i Age! 

920E: 360 10 RTS 
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1 REM PROGRAMXxXSEL2ZExx 
3 / HIMEMS: 29439 
10 REM THIS OFTION CALCULATES MEANS FROM DATA IN THE INPUT BUFFER 
12 REM AND STORES THEM IN THE BACKGROUND MEANS FILE 
20 D$ = CHRS (4) 
30 AA = 327683E = 1283C = 768:D = 15368E = 32531°F = 294403S = 256 
120. -FOR T= 0 T0.%5 
25W=F +I eK BSX =W+C 
130 A= AA + I * ESK = A+ CSL = A + DIM 
135 IF M = 0 THEN 200 
240° FOR N= 0 FO0127 
150 0 = FEEK (A + N)3P = PEEK (K + N)3Q = PEEK (L + N) 
160 R= ((Q *S + FP) *S +O) / MiT = INT (RK / S) 
170 U = INT (k - S ® T) 
180 POKE W + N,Us FOKE X + N,T 
190 NEXT N 
200 NEXT I 
210 FRINT D$;"BRUNMC6é.O0OBJ0" 
220 FRINT D$;"RUNSEL2" 


FEE. CE 472) 


SOURCE FICE s: MeS6 
ok Hest dag NEXT OBJECT FILE NAME IS MC6.O0EU0 


92003 1 ORG €9200 

92003 2 XTRANSFER REPLICATION AND GAIN DATA 
9200; 3 “FOR EACKGROUND MEANS FILE 

92003 4 «FROM THE INFUT BUFFER 

ReMi Aes 27 ra) LDX #€$17 

S20-22ED 01 oF 6 ERI LDA $7F01,X 

P2Z05%9D 36. 7F 7 STA $€7F56,X 

9208:CA 8 DEX 

9209510 (Fh 7 9 BPL ERI 

9206360 10 RTS 
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fora short integration time 
ether; o\arrays Stay at 205 s 

MC1OOBJO" Yoads zero “as 


integration time scratch pad 


a We 


except that 1t runs one array 
(down to 0.018 s) while the 
integration. 

default values in the 


addresses. The BASIC program 


then, corrects the seqratch pad addresses for the array of 


interest. 


MC10B.OBJ0O is similar to MC1BA.OBJO except that it does 


not check for obedience of the readout clash prevention 


rules. 


| rn oe ee 
A Dave 
1 7 a i : 
{ rit ew) a5 : : 
ae a si y 
Acme ON ae 


viet win Beery 1 a ale {ase 
auly ative (@ 8100 by well 


‘s 


ned AaaeA a, 2 


ene ne eaulay Pivayen tan 6 
oy SIGE SAT aeaesiboe peg _ en 


Yo ys tis fd 40) cbeaeskbe ‘bag fe 


ai 


or 2k Seat, Jqeoue OUAO PARTON OI) see 


noldgeverg desio suobeox etd Fo 


a ae 
i. a 
6 eA Wi 
7 
A Jed 
+ > f " 
ve 
7 
1 
a 
\ 
o 
i 
} 
; iis 
; t 
é ~~ i 
iw 8 


ae 


240 
250 


260 


300 
910 
920 
930 
540 
300 
360 
570 
380 


KEM FROGRAM **SEL3xx 

HIMEM: 29439 

HOME 

FRINT "THIS OF TION RUNS A SINGLE ARRAY" 
FRINT 4 
FRINT “WITH A SHORT INTEGRATION TIME" 
PRINT 
FRINT "THE OTHER S ARRAYS ARE LEFT WITH" 
PRINT 

PRINT "A 205 SECOND INTEGRATION TIME" 
PRINT 

PRINT “THE SELECTED ARRAY CAN BE READ" 
PRINT 

FRINT "OUT AFTER A MINIMUM OF 0.018" 
PRINT 

PRINT "SECONDS" 

PRINT 

FOR X = 0 TO 5000% NEXT X 

PRINT "THIS SERVES 2 FPURFOSES:-" 

FRINT 

HTAE 43 FRINT "1. GIVES A HIGH REFRESHMENT" 
FRINT 

HTAE 73 FRINT "RATE FOR AN OSCILLOSCOFE" 
FRINT 

HTAE 73 FRINT "DURING ARRAY SET UP" 
FRINT 

HTAE 43 FRINT "2. ALLOWS DATA COLLECTION" 
PRINT 

HTAE 73 FRINT "FOR A VERY STRONG SIGNAL" 


REM FORCE DEFAULT INTEGRATION TIMES OF 205 SECONDS INTO SCRATCH FAD 


FRINT CHRS (4)3;"ERUNMC10.06J0" 

FRINT 

PRINT 

FRINT 

HTAE 4:3 FRINT "ENTER ARRAY # FOR SHORT" 
FRINT 

HTAE 4% FRINT "INTEGRATION TIME "$ INFUT I 
FRINT 

FRINT 

HTAE 43 PRINT "ENTER IT’S INTEGRATION TIME" 
FRINT 

HTAEL 4: PRINT) “°IN SECONDS) “Se INFUT & 

E = 0.53F = 256°3D = 3.1281E = 3th = 32 

Cher ENT <6 72D4+ ED 
T]\Ce/ FsG =) INT (Td 
Jee INT (CF KRC Tee Gove) 

IF G > 255 THEN FRINT "TOO LONG": GOTO 400 
IF G > 0 THEN 510 

IF J < 6 THEN FRINT “TOO SHORT"$ GOTO 400 


REM FORCE INTEGRATION TIME INTO SCRATCH FAD MEMORY 


POKE 32513 492 % I,J; 


L= (J 
L= 
PRINT 
FRINT 
PRINT 
PRINT 
PRINT 


ON Teel UM O44 ct 


FOKE 32514 + 2 x I,G 

+ F «x G) «x D 

om, UNG Ol OR Am tare) 

CHR (4)3"FR#1" 

"ACTUAL INTEGRATION TIME ARRAY# "31I3"="$L3"SECONDS" 
CHR (4)3;"FR#0" 

CHR (4)3;"ERUNMC10E.0EJ0" 

CHR (4)3'"RUNDRS" 
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SOURCE FILES MC1IOB 


0000: 1 «xxKxXMCIOEKaxx 

.0000% 2 «SET UF A SHORT INTEGRATION TIME FOR A SINGLE ARRAY 

0000: 3 FART OF FROGRAM FOR SETTING INTEGRATION TIMES FOR 6 ARRAYS 
0000; 4 «THE EASIC FROGRAM HAS FREVIOUSLY FOKED THE INTEGRATION TIMES 


INTO SCRATCH FAD MEMORY 
ihe NEXT OBJECT FILE NAME IS MC10B.O6J0 


92373 o ORG $9237 
92375 6 *xCLOSE THE GATE ON 8253 #1 COUNTER 0 DURING LOADING 
9237:AD 58 CO 7 LDA $C058 
CoD0: 8 CLK EQU $CO0D0 
923A% 9 xXFOR 8253 # 1 
92Z3A3AP 34 10 LDA #$34 ;LOAD MODE WORD COUNTER 0 MODE 2 
923C38D D3 CO > us| STA CLK+3 s;LOAD INTO 8253 #1 
923F3A9 SO 2 LDA #€$50 LOAD MODE WORD COUNTER 1 MODE 0 
924138D D3 CO 13 STA CLK+3 sLOAD INTO 8253 #1 
9244S AP 90 t4 LDA #€$90 +LOAD MODE WORD COUNTER “" MODE 2 
924638D D3 C0 1s STA CLK+3 ;LOAD INTO 8253 #1 
ya te ae 16 xCOUNTER #0 IN MODE 2 DIVIDES CLOCK RATE EY 3200 
92493AP BD 17 LDA #€$80 sLOAD COUNTER 0 LOW EYTE 
924E38D DO CO 18 STA CLK sWRITE LOW BYTE 
9Z4E3AP OC 19 LDA #$¢0C *+LOAD COUNTER 0 HIGH BYTE 
9250:8D DO CO 20 ohG LEEK ;WRITE HIGH BYTE 
P253's 21 xCOUNTERS #1 AND 2 OF 8253 #1 AND ALL 3 COUNTERS OF 8253 #€2 
92533 22 KARE IN MODE 0.THEY GATE COUNTERS #1 AND 2 OF 8253 #3 AND 
2533 23 *ALL 3 COUNTERS OF 8253 #4 THEREBY DELAYING THE START OF 
293% 24 XTHEIR COUNTS 
Zw 3A? 04 29 LDA #€$04 »;LOAD COUNTER 1 LOW EYTE (ONLY) 
925538D Di CO 26 STA CLK+1 s;WRITE LOW EYTE (ONLY) 
ZO8%AP 09 a7 LDA #€$09 ;LOAD COUNTER 2 LOW EYTE (ONLY) 
25A38D D2 CO 28 STA CLKtZ sWRITE LOW EYTE CONLY) 
925D¢ 29 XFOR 8253 # 2 
ZIDi AP 10 30 LDA #410 s$LOAD MODE WORD COUNTER 0 MODE 0 
2Z9F38D D7 CO 31 STA CLK+7 s;LOAD INTO 8253 #2 
92623A9 50 32 LDA #$50 ;LOAD MODE WORD COUNTER 1 MODE 0 
926438D D7 CO 33 STA CLK+7 s;LOAD INTO 8253 #2 
92673AD 90 34 LDA #490 ;LOAD MODE WORD COUNTER 2 MODE 0 
Pz2o9.0 0 D7.C0 39 STA CLK+7 ;LOAD INTO 8253 #2 
926CIAD OF 36 LDA #$0F ;LOAD COUNTER 0 LOW BYTE (ONLY) 
92Z6E38D D4 CO 37 STA CLK+4 sWRITE LOW BYTE (ONLY) 
P27 Ws Ad 14 38 LDA #€%$14 s;LOAD COUNTER 1 LOW EYTE (ONLY) 
927338D DS Co 39 STA CLK+S sWRITE LOW EYTE (ONLY) 
9276°3A9 19 40 LDA #$19 $LOAD COUNTER 2 LOW BYTE (ONLY) 
9278:8D Dé CO 41 STA CLK+6 s;WRITE LOW EYTE (ONLY) 
927ES 2 *8253’S #3 AND 4 CONTROL THE ACTUAL INTEGRATION TIMES. 
S275 s 43 “AFTER MODE WORDS ARE LOADED (ALL COUNTERS IN MODE 2) 
927E% 44 «THE COUNTERS ARE LOADED WITH THEIR COUNTS FROM SCRATCH 
927ES 45 «FAD MEMORY,WHERE THEY WERE FLACED EY THE BASIC FROGRAM 
927ESAD 34 46 LDA #€$34 +LOAD MODE WORD COUNTER 0 MODE 2 
927D:38D DE CO 47 STA CLK+$E ,;LOAD INTO 8253 #3 
92803A9 74 48 LDA #474 s;LOAD MODE WORD COUNTER 1 MODE 2 
9282:8D DE CO ag STA CLK+$E ;LOAD INTO 8253 #3- 
92B53A9 B4 90 LDA #$E4 LOAD MODE WORD COUNTER 2 MODE 2 
9287:8D DE CO v1 STA CLK+$E ;LOAD INTO 8253 #3 
92BASAD 01 7F u2 LDA $7FO1 sFETCH LOW EYTE 1ST INTEGRATION TIME 
928D:8D DB CO 93 STA CLK+8 s;WRITE LOW EYTE 
929 0WAD O02 7F 34 LDA $7FO02 s;FETCH HIGH BYTE 1ST INTEGRATION TIME 
9293:8D DB CO 5S STA CLK+8 s;WRITE HIGH BYTE 
92963AD 03 7F 36 LDA $7F03 s;FETCH LOW EYTE 2ND INTEGRATION TIME 
9299:8D D9 C0 27 STA CLK+9 s;WRITE LOW BYTE 


929C3AD 04 7F 58 LDA $7F04 s;FETCH HIGH BYTE 2ND INTEGRATION TIME 
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929F BD 
92ZAZ°3AD 
92A538D 
92A8°AD 
92AE%8D 
92AESAD 
92E038D 
92ZE3°3AP 
92E5 38D 
92ZEB AP 
92ZE ABD 
9Z2EDSAD 
9200 38D 
92C03°AD 
92C638D 
92093 AD 
92CC 38D 
92CF SAD 
92D238D 
92D53AD 
92D838D 
92DE3AD 
92DE:8D 
92E1°EA 
92E23EA 
92ZE33EA 
92E43 

92E 43 AD 
92E7260 
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SOURCE FILE: 


92053 AP 
9207:8D 
920A:8D 
920D:8D 
9210:8D 
9213:38D 
9216:38D 
92193AP 
921B6:8D 
921E38D 
9221:38D 
922438D 
9227:38D 
922A: 8D 
922D:60 


MC10 
NEXT OBJECT FILE NAME IS MC10.0EJ0 


ODONAUMDWNY 


CLK+9 
$7F05 
CLK+$A 


“$7F06 


CLK+$A 
#$34 
CLK+$F 
#$74 
CLK+$F 
€$64 
CLK+$F 
$7F 07 
CLK+$C 
$7F08 
CLK+$C 
$7F09 
CLK+$D 
$7F0A 
CLK+$D 
$7F OE 
CLK+$E 
$¢7F0C 
CLK+$E 
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sWRITE HIGH BYTE 

*FETCH LOW EYTE 3RD INTEGRATION TIME 
sWRITE LOW BYTE 

sFETCH HIGH BYTE 3KD INTEGRATION TIME 
sWRITE HIGH BYTE 

sLOAD MODE WORD COUNTER 0 MODE 2 
+LOAD INTO 8253 #4 

*LOAD MODE WORD COUNTER 0 MODEZ2 

sLOAD INTO 8253 #4 

sLOAD MODE WORD COUNTER 0 MODE 2 
s$LOAD INTO 8253 #4 

sFETCH LOW EYTE 4TH INTEGRATION TIME 
sWRITE LOW BYTE 

s;FETCH HIGH BYTE 4TH INTEGRATION TIME 
WRITE HIGH BYTE 

sFETCH LOW BYTE STH INTEGRATION TIME 
sWRITE LOW BYTE 

sFETCH HIGH EYTE STH INTEGRATION TIME 
sWRITE HIGH BYTE 

sFETCH LOW EYTE 6TH INTEGRATION TIME 
sWRITE LOW BYTE 

sFETCH HIGH BYTE 6TH INTEGRATION TIME 
s;WRITE HIGH BYTE 


*XALL COUNTERS LOADED SO OFEN THE GATE ON 8253 #1 COUNTER 0 


LDA 
RTS 


ORG 


$C059 


$9205 


3GO AND DO SOMETHING ELSE 


XFROGRAM TO FUT DEFAULT VALUES IN SCRATCH FAD MEMORY 
xLOAD BOTH EYTES WITH MAXIMUM (=0) 
;LOAD LOW BYTE 


LDA 
STA 
STA 


#300 

$7FO01 
$7F03 
$7F0S 
$7F07 
$7F09 
$7F OE 
€$00 

$7F02 
$7F04 
$7F06 
$7F08 
$7FOA 
$7F0C 


LOAD HIGH BYTE 


sF INISHED 
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SEL4 is used to subtract 2 sets of data values. If 
necessary it calculates the mean values first. It can take 
its data from the RAM date Fites or can load it from disk 
storage. Before doing the subtraction, it checks for 
matching of the gain code of the A/DC and the integration 
time used for each array and aborts if it finds a mismatch. 

TEST.OBJO is just a dummy program that acts as a 
Switch, changing the drive response from drive #2, the data 
disk, back to drive #1, for the system disk. 

MC6A transfers replication and gain data to the 
Background Means File from the Background Raw Data File. 


MC7.OBJO is the binary subtraction program. 
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REM FROGRAM xxSEL4xx« 
HIMEM: 29439 
GOTO 280 
REM EACKGROUND SUETRACTION FROGRAM 
REM SUEROUTINE TO CALCULATE MEANS FROM DATA IN THE INF'UT BUFFER 
REM OR EACKGROUND RAW DATA FILE AND STORE THEM IN THE ANALYTE OR EACKGROUND 
REM MEANS FILE 
PRINT 
B = 128:C = 768:D = 1536:S = 256 
AA = A 
REM ONE ARRAY AT A TIME 
FOR IT = 0 70 5 
N= fF. +1. &, BX =8, +. C 
A= AA +I *® ESK = A + C8L = A + DiM = FEEK (CE + I) 
REM CHECK THE REFLICATE COUNT.IF ZERO IGNORE THIS ARRAY 
IF M = 0 THEN 260 
FORAN A=, 0..1,.0,-1.27, 
Devt PEEK. CA tN) 5P =. PEER CK 4 ND 3Q = PEEK (L + N) 
KEM READ THE DATA FILE IN DECIMAL 
R= eCCR sk Sa FP), K Sot OO 7 ee ING CR /-S) 
REM DIVIDE EY THE REFLICATE COUNT AND FUT IT BACK IN A 
REM TWO EYTE EINARY FORM 
ii = scENTy (R= S 8.1) 


FOKE W + N,U3 


NEXT N 
NEXT I 
RETURN 
HOME 

INVERS 
FRINT 

FRINT 

HTAE 1 
PRINT 
FRINT 
FRINT 
FRINT 
FRINT 
FRINT 
FRINT 
FOR X 
FRINT 
FRINT 
PRINT 
FRINT 
FRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
INFUT 
HOME 

FRINT 
PRINT 
PRINT 
FRINT 
PRINT 
PRINT 


EB 3 


"THIS OF TION SUETRACTS ONE SET OF DATA 


i — 
sis 


FOKE X + N,T 


HTAE 43 FRINT "“EACKGROUND SUBTRACTION OFTION': NORMAL 


INVERSE ¢ FRINT "“WARNING"$ NORMAL 


FOINT MEANS FROM ANOTHER SE 


“THIS PROGRAM OVERWRITES THE INFUT EUFFER" 
~hey OUSWISH TOCKEBR SLT SSeCONTENTS: As RAN" 
ABORT THIS FROGRAM NOW AND SAVE " 


"DATA, 


“THE, BUFRER<ON GISKETTE FIRST~ 
SOOO OO OFF IORI IORI OOK KK KK 
= £410 
"WHERE 


ti. 
"2. 
"3, 
"4, 


JIS 


IN 
IN 
IN 
ON 


ON 


"ENTER 


"WHERE 


‘he 


UE Lie 


IN 


IN 


4000: NEXT X 
IS THE EACKGROUND DATA ?" 


THE INFUT DATA EUFFER ?" 

THE EACKGROUND RAW DATA FILE 
THE BACKGROUND MEANS FILE ?" 
DISK AS RAW DATA ?" 

DISK AS MEANS ?" 

5 A ARE i ed) a ee a | 

IS THE ANALYTE DATA ?" 

THE INFUT BUFFER ?" 


THE ANALYTE MEANS FILE ?” 


ou 
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/ COS Wyo tee erty 
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By 


960 

970 

980 

990 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1145 
1150 
1160 
1170 
1180 
1190 
1200 


F 
P 
F 
FP 
a 


RINT 
RINT 
RINT 
RINT 
NPUT 


3. ON DISK AS RAW DATA ?" 
4. ON DISK AS MEANS ? "“ 


ENTER 1,2,3 OR 4 “SES 


ON VAL (A$) GOTO 680,720,750,760,840 


F 


RINT 


A = 32768°E = 32531°3F = 29440 
GOSUE 80 

FRINT CHR (4)3"ERUNMC6.O0EBJ0" 
GOTO 890 

= 350723E = 32568°F = 29440 
GOSUE 80 


A 


G 


A 


G 


A 


G 


A 


P 


RINT 


CHRS (4)3"ERUNMC6A.0BJ0" 


GoTo 890 


A 
¢ 
FE 
P 


F 


NFUT 

= FS 
RINT 
RINT 


ENTER BACKGROUND FILE NAME "$F$ 
+ 7 fi 

CHR (4);"ELOAD" 3FE¢3",D2,A$8900" 
CHR (4)$;"ELOAD"3G6$3",AS7F2Z6" 


= 350723E = 325683F = 29440 
GOSUE 80 


RINT 


CHRS (4);"ERUNMC6A.0EU0,D1" 


GOTO 890 


a8 
$ 
F 
F 
F 


NFUT 

= FS 
RINT 
RINT 
RINT 


ENTER EACKGROUND FILE NAME "$F$ 
+ 7 Ao 

CHR (4);"ELOAD"3F$3",D2,A$7300" 
CHRE (4)3;"ELOAD"36$3",AS7F56" 
CHRE (€4);"EBLOADTEST,D1i" 


ON VAL (EE) GOTO 900,930,940,1020 
= 327683E = 32531°3F = 30976 
GOSUE 80 


F 


RINT 


CHR (4); "ERUNMCS.OBJ0" 


GOTO 1070 
INFUT "ENTER ANALYTE FILE NAME "$F$ 
= F$ + "Z" 


$ 
F 
F 


G 


H 


H 


V 


RINT 
FINT 


CHRE (4);"ELOAD"5F$3",D2,AS8000" 
CHRS (€4);"EBLOAD";6%3",AS7F01" 


= 3276B8°8E = 32531°3F = 30976 

GOSUE 80 

FRINT CHR (4);"ERUNMCS.OEJ0,D1" 
GOTO 1070 


INFUT 


"ENTER ANALYTE FILE NAME "3F$% 


$= FS + "2" 


FRINT 


CHRS (4)3;"ELOAD"3F$3",D2,A$7900" 


FRINT CHR (4);"ELOAD"36$3",A$7F3E" 


FRINT 


CHR (4);"BLOADTEST,D1" 
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REM NOW THAT THE FILES ARE IN THEIR FROFER LOCATIONS THEY MUST EE TESTED 

KEM TO SEE IF SUETRACTION WOULD EE LEGITIMATE 
= 32586:4U = 32610 

=.0.10 S>.G .* . PEEKCR tT me PEEK (3 + 1) 


FOR I 
TFG 

FLASH 
PRINT 


0 GOTO 1140 
$ FRINT "ARRAY "313"GAINS DO NOT MATCH" 
CHRS (4);"RUNDRKS"” — 


= 32574349 = 32598 


ROR LT 


=0 104536 = FEE CHE. 2x1) = PEER «72 & 2) 


NORMAL 


= sree CH 426m 1 + id= GREEK Cl + 2 x I + 2) 


Le. 'G 
£E. VY 


< 


° 


4. 


» 0 GOTO 1200 
> 0 GOTO 1200 


GOTO 122 


FLASH 


$ FRINT “INTEGRATION TIMES DO NOT MATCH" 


NORMAL 


oo he _ 7 1 ~ | 7 - Oy MP \ : 
TRE er ior ly 2 
‘mya? 7 if} j A af ; 1 iy ae 
iy iy. i> CU aa ia a te 
i ie 
ee 
i x ri ' ‘ 
— - p | 
: ae S.. ay . wn ' \ 
ii =. 9 ¥ A 
whe t A 


nen Ragloeecrie! bee Bi 
eae ad eae ree 
she, cat. SET SST had 7 i a 

SY seeot 3 Biteese «! Sigaxse 


a7 
~ ee 


"OLA at ia 
ee ; CPeeS w 4 . 7 
“0L00  ndcmmana ete 
et" (Been BIN . : v3 30 
MRORRaA SO," F035 4 ana 
SGA Utomo > ~8aND) © 


= aa 


| PhO, 0080. snc BY 
su". Seen aaa ouuoagsana needed 


“oegken eBOe stay aA ArT cams 
“eat om hd | 


‘ae B2 
eset uae grap i 


toad 


Gitaar 72 tows yaw? eMorPAgey Assan 
wr anlTroas 
OfATE # Ui 


on > bs oleate vii wag? ae eel 


Pit hic ao 
MoM Lert ae Mail od ia a er 
i p ie > 


+. an nals Ona 
. ti © 8 eu 

; ; es Grd a 3 

» GORE bTOD 4 <> 


oset at, 
Jnnon §"HUTAM Toe 68 aangt mattaanatv Twas CF 


Po be 7) 7 
: ’ ed 
we) Ss 


1210 PRINT CHRS (4)3"RUNDRS" 


1220 NE 


1230 REM AS ALL IS WELL DO THE SUBTRACTION 


XT I 


1240 FRINT CHRS (4)3"BRUNMC7.OEBJ0" 
25313 FOR 


20 — = 


INT "BACKGROUND SUETRACTED VALUES ARE" 


INT "IN THE INFUT BUFFER IN BINARY" 


1280 HOME 
1290 FR 

1300 PRINT 
1310. PR 

1320 FRINT 
1330 INVERSE 
1340 FRINT 
300, FR 


1370 FR 

1380 FRINT 
1390 NORMAL 
A400. FR 

241:0, PRINT 
$420 FRINT “i. 
1430 FRINT 
14400 FRINI “2. 
1450 WTAE 4% 
1460 PRINT 
SAS OS aL 

1480 ON 

1490 HOME 

1500 IN 

1510 G$ 

Deu. FR 


d03 0° EF RINT 


IP eS 


2 PRINT 


"THERE WILL BE OVERSUETRACTION DUE TO" 


0 TO 3: 


POKE E + I,13 
1260 KEM DIFFERENCES ARE STORED IN INFUT BUFFER.REFLICATION VALUE 
1270 REM REDUCED TO 1 TO AVOID FROELEMS 


NEXT I 


INT "NOISE.THIS MUST EE CORRECTED FOR IN" 
1360 FRINT 
INT "THE READOUT OF TIONS" 


ENT “CHOOSES <* 


FUT “CROOSE 2 OR 2a. "sis 


FRINT 


STORE ON DISKETTE" 


OUTFUT USING AN OF'TION ON THE" 
"MAIN MENU" 


VAL (KS) GOTO 1490,1550 


FUT "ENTER FILE NAME";>F$ 


= Fe + JA 
INT CHR (4);"ESAVED"3FS3",D2,A$8000,L$600" 


1540 GOTO 1360 
INT CHR (4);"RUNDRS,D1" 


So0r OER 


SOURCE FILE: 


9SFBSAD 
9SFE 38D 
9SFE 360 


FR 9% 
FES 9S 


SOURCE FILE: 
See NEXT OBJECT FILE 


9206360 


TEST: 
pied NEXT OBJECT FILE NAME IS TEST.OBJO 


Oamauone 


MC6A 


COON O HAWN H 


xTEST A FROGRAM THAT ACOMF'LISHES NOTHING BUT IS USED IN A 


ORG 


$9SF8 


CHR? (4);"BSAVED"36%3",AG7F01,L$186" 


*xDOS COMMAND TO SWITCH DISK DRIVES 


KTRANSFER REF'LICATION AND GAIN DATA 


LDA 
STA 
RTS 


NAME IS MC6A.OEJ0 


ORG 


$9SFF 
$9OSFF 


$9200 


KFOR THE BACKGROUND MEANS FILE 


*xFROM THE EACKGROUND RAW DATA FILE 


ER1 


LDX 
LDA 
STA 
DEX 
BFL 
RTS 


#17 
$7F26,X 
$7F56,X 


BR1 
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SOURCE FILE?’ 
Soe < NEXT OEJECT FILE NAME IS MC7.O0EU0 


9217 3ED 
92Z1ASFD 
921D39D 
9220 °ED 
9225 3F,D 
922639D 
9229338 
92ZASED 
922D3FD 
9230°9D 
9233 3ED 
92363FD 
923939D 
923C3CA 
923D:D0 
923F 3 

S 

923F $ 
923F SAZ 
9241 3ED 
P2AA STD 
92473CA 
9248310 
924A360 


Ze 
7€ 


CONGO UDWNH 


ORG 
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*XFROGRAM SUETRACTS THE TWO EYTE VALUES IN THE BACKGROUND 
“MEANS FILE FROM THE TWO EYTE VALUES IN THE ANALYTE MEANS 
XFILE AND STORES THE RESULT IN THE INF'UT EUFFER 


ER 


1 


CLD 


ENE 


#$00 


$7900,X 
$7300,X 
#8000,X 
$7C000,X 
$7600,X 
$8300,X 


$7A00,X 
$7400,X 
$#8100,X 
$7D00,X 
$7700,X 
$8400,X 


$7E00,X 
$7500,X 
$8200,X 
$7E00,X 
$7800,xX 
#8500,X 


ER1 


xNOW COFY THE INTEGRATION TIME,GAIN AND REFLICATION FARAMETER 


*xTO THE CORRESPONDING ADDRESSES FOR THE INFUT BUFFER 


BR 


a 


#$17 
$7F3E,X 
$7F01,X 


ERZ 
,EACK TO BASIC 


i ae 7 


4 ; es ; - apa “} 
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SEL5 is the graphics program. It allows display of the 
contents of a data file, array by array, on the video 
monitor. It can accept data from a disk. If the data file 
is the result of a subtraction and involves a bipolar A/DC 
setting (for example + .5 V) it adds an offset value to 
recentre the spectrum. The program contains unlisted 
control characters which can be seen by first running a 
special decode program given in the Apple literature [60] 
and then loading the program from disk and listing it. The 
characters printed in lines 1040 to 1080 and 1130 are 
actually index marks on the graph abscissa and ordinate (the 
HTAB function does not quite match the required spacing of 
the abscissa index marks in high resolution graphics). 

The program allows the video display to include a title 
and this version also displays the integration time, 
calculated from scratch pad memory values. 

The display can be put out to a printer. The format 
for the display is shown in Figure 60. 

One problem with the program is that once high 
resolution graphics are in use, the only way to leave them 
and return to standard text display is by pressing RESET. 
This unfortunately cancels the operation of the integration 


timers so they have to be reloaded through SELl. 
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10 

20 

30 

40 

50 

60 

70 

80 

AY 

90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
42 

430 
440 
450 
460 
470 
480 
UN. 
490 
500 
510 


S2 


530 
540 
So0 
560 
570 
580 
590 


REM FROGRAM *xSELS««x CONTAINS UNLISTED CONTROL CHARACTERS 
HIMEM: 297439 


REM FROGRAM TO DISFLAY THE SIGNALS GRAFHICALLY ON THIS SCREEN 


HOME 

V= 0 

KEM SET FLAG FOR HIRES CHAR SET TO BE LOADED 
OS =.0 


309 


FRINT “THIS OF TION DISFLAYS THE OUTFUTS FOR ALL 128 DIODES OF A SELECTED ARR 


ON THIS SCREEN" 

FRINT $ PRINT $ FRINT “DATA CAN EBES—- 
PRINT "1. SINGLE RUN IN THE INFUT BUFFER" 
FRINT $ FRINT “2. SINGLE RUN IN THE INFUT EUFFER" 
Mine 4) PRINT “Cole 
FRINT : FRINT "3. SUETRACTED MEAN VALUES STORED" 
HTAE 43 FRINT “IN THE INPUT BUFFER” 
FRINT ¢ FRINT "4, ANALYTE SIGNAL MEANS"$ FRINT 
FRINT "S. BACKGROUND MEAN VALUES" 


FRINT $ FRINT "6. FROM A DISKETTE IN DRIVE #2"3 PRINT 
FRINT 

INFUT “ENTER 1,2,3,94,5_0OR 6 “SES 

ON VAL (ES) GOTO 220,230,240,250,260,270 


REM F=EASE ADDRESS FOR THE GAIN CODES AND G= EASE ADDRESS FOR THE DATA 
Fo= 32 Tee = p27 S35 GOTO 340 

F = 32562 = 35072: GOTO 340 

F = 3252516 = 3276808 = 2048: GOTO 340 

F= 586:G = 30976: GOTO 340 

F = Sy, G = 29440: GOTO 340 


INFUT "ENTER FILE NAME "3F$ 
REM LOAD FROM DISKETTE TO INFUT BUFFER 


Cor Seo 2.. 

FRINT CHR (4)3"ELOAD"3F$3",D2,A$8000" 
FRINT CHRE (4)3"ELOAD";G6%3;"',AS7FO01" 
FRINT CHR? (4);"ELOADTEST,D1" 

F = 3252536 = 32768 

N = 25 

IF V = 0 THEN GOSUE 650 

GOSUE 790 


REM LOAD CHARACTER SETS FOR HIGH RESOLUTION GRAFHICS 
GOSUE 920 
REM IDENTIFY INDIVIDUAL ARRAY AND DECODE GAIN CODE 
E¢ = eg 
REM RUN THE DISFLAY 
FRINT E¢ 
SyWk SEE 
FRINT ¢ FRINT "CHOOSE ONE OF THE FOLLOWING": FRINT 
HTAE 4% PRINT "1. MAKE A FRINTED COFY OF THE GRAFH" 
FRINT HTAE 43 FRINT "2. 
HTAE 43 FRINT "3. LOOK AT ANOTHER FILE" 
FRINT 
PRINT 
PRINT 
INPUT “ENTER 1,2,3 OR 4 "3Z 
FRINT 
PRINT 
PRINT 
FRINT 
gy 7occ7 Bh apalayh obehy 
Zt = ug 
REM Z$=G FOR GRAFFLER AND RCSA FOR SAK AFI 
GOSUE 920 
FRINT CHR (4)3"FRE1" 


ee ef ee 


LOOK AT ANOTHER ARRAY IN THE SAME 


HTAE 4:3 FRINT "4. CHOOSE AN ALTERNATIVE OUTFUT FROM 


RUN'S FRINT 


THE MAIN MEN 
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810 
25 
820 
830 
B40 
850 
B60 
€70 
880 
B90 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
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1060 
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1080 
1090 
1100 
1110 
; VT 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
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FRINT CHRS (9)3Z$ 

FRINT CHRS (4)"FR#0" 

CALL ADRS 

GOTO 400 

REM FROGRAM TO LOAD HRCG 

ADRS = 0 

PRINT CHRS (4)3"BLOAD REOOT" 

CALL 520: REM EXECUTE REOOT 

ADRS = USR (0),"HRCG" 

REM ERING IN HRCG, ADRS=STARTING ADDRESS 

IF ADRS < = 0 THEN ADKS = ADRS + 655363 REM MAKE ADRS FOSITIVE 
CS = ADRS - 768: HIMEM: CS 

CH = INT (CSi 7° 256n,.Cil= CS - 256 * CH 

FOKE ADRS + 7,CL$ FOKE ADRS + &8,CH 

FRINT CHRE (€4);"ELOADA.SET,A"$CS 

REM SET.A IS A MODIFIED ASCII SET WITH INDEX MARKS AS SFECIAL CHARACTERS 
Veal 


REM SET FLAG TO SHOW HIRES CHAR SET IS LOADED 
RETURN 
INFUT "ENTER ARRAY # ( 0 T05 ) "31 
REM DECODE GAIN CODE FOR ARRAY TO GET CONSTANTS FOR THE DISFLAY ORDINATE 
H= 1:D = 3,1289E - 3:A1 = 123H = FEEK (F - Al + I+) +N PEEK (F - Al 
4 I+ WtH2 = Hx DSH2 = INT (H2 * 10% 44.5) 710% 4 
INFUT "ENTER TITLE "$AAS$ 
J= PEEK (F + I)tK = INT (J / 16) REM RETAIN UFFER 4 BITS ONLY 
BeSMKLS) INT CKI7 alae 
IF L = 0 THEN E = 5 
IF L = 1 THEN & = 1 
IF L = 2 THEN & = 0.5 
IF L = 3 THEN E = 061 
CrgewaEh ie > STHENIC -= "6 
IF K < 4 THEN QS = 0 
RETURN 
CALL ADRS: REM INITIALIZE HRCG 
HGR t FOKE 49234, 0 
HCOLOR= 3 
REM SWITCH TO ALL HIGH RESOLUTION GRAFHICS 
HFLOT 23,27 TO 23,155 TO 279,155 
A¢ = Du 
REM DRAW AXES 
FRINT At 
REM CALL CHARACTER SET 
VTAE 2: HTAE 6 FRINT "INTEGRATION TIME "3H23" SECS" 
HTAE 63 FRINT AAS 
Y = 20 
VTAE Y: HTAE 43 PRINT "1" 
VTAE Y! HTAE 13: FRINT "&" 
VIAB Y: HTAE 22! PRINT "2" 
VTAE Y3 HTAE 31% FRINT "<" 
VITAE Y! HTAE 40% FRINT ")" 
REM PRINT THE INDEX MARKS FOR THE ABSCISSA 
FOR A = 0 TO 22% VTAE (20 - A * 8)$ PRINT (C + (B - C) * A / 2)% NEXT A 
UTAE 6¢ PRINT "U"$ VTAE 7$ PRINT "O"% VITAE 83 PRINT "L"$ VTAE 9% PRINT "T" 
AB 10% PRINT "5S" 


REM LABEL THE ORDINATE 

FOR BE = 0 TO 83 HTAEB 4% VITAE (4 + BB & 2)3 FRINT "Z%"3 NEXT BE 

REM PRINT THE INDEX MARKS FOR THE ORDINATE jee 
COE es i 
VTAE CC3 HTAE 43 FRINT “O" 

VTAB CC3$ HTAB 123 PRINT "32" 

VTAE CC3 HTAE 213 FRINT "64" 

VTAE CC HTAE 308 FRINT "96" 
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VTAE CC? HTAE 38: FRINT "128" 
VTAE 22: HTAE 17% FRINT "DIODE #" 
VTAE 23:3 HTAE 17% FRINT “ARRAY #"31 
REM LABEL THE AESCISSA 
HFLOT 23,3 
1i2Z28:N = 2 
2a5 Ul] 5 
GetoM, XE = 
ERR URK = 201 7K 
FEEK (F + R) 
40963K1i = 655 
Hi + 0S 
INT (Hi / S) 
= U - HH 
=e 5K KOZ 
ONERR GOTO 1500 
HEPOT Tex. ¥.) NEA RR 
REM FLOT OUT THE DATA AS A GRAFHS 
RETURN 
IF Z > 2 THEN 1430 
GOSUE 790 
GOSUE 920 
GOTO 400 
TE 2 > 3 THEN 32460 
GOTO 90 
FRINT 
FRINT "FRESS RESET FOLLOWED EY RUNDRS" 
FRINT 


= M - KKEX = T + 2 & KK 
Nod  PEEKSCGT+ KR} 
é F H1 > J1 THEN Hi = 


ar 
a WOW 


CRE =) 1) 


RENE 


FRINT “THE DATA IS NOT OVER WRITTEN IMMEDIATELY BY RUN DRS AND CAN EE FROC 


THROUGH OTHER OUTFUTS" 
STOF 
GOTO 440 
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SEL6 allows data to be saved on a disk in drive #2. It 
saves both the data file and the gain and replicate data 
information as a second file on a single instruction. It 
suggests a simple coding system to help subsequent 
identification of the type of data being saved. Spaces and 
other delimiting characters should not be used in file names 
as they tend to get forgotten and the files have to be 
identified absolutely to read from them. Data for all 6 
arrays are saved at once. A means file takes up a total of 
10 sectors on the disk and a raw data file requires 13 


sectors. 
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HIMEM! 29439 

REM FROGRAM XxSEL6xx 
HOME 

VTAB 23 PRINT "THIS OF TION ALLOWS DATA TO BE SAVED ON A" 
FRINT "A DISKETTE IN DRIVE #2"% FRINT 
FRINT "DATA IS SAVED IN A BINARY FILE. +eeeeee"8 PRINT 
FRINT "sseevceese eSUPPLEMENTARY INFORMATION UN" $ PRINT 
FRINT "INTEGRATION TIMES, REF: ICATIONS AND"$ PRINT 
FRINT "A/DC SESTINGS IS ALSO SAVED AND"’$ PRINT 

PRINT "RELOADED WITH THE SAME COMMAND"$ PRINT ¢$ FRINT 
FRINT “THE FILE NAME MUST CONTAIN INFORMATION" $ FRINT 
FRINT "THAT DESCRIBES THE TYFE OF DATA SAVED" 

VTAB 24% FRINT "(PRESS SPACE BAR TO CONTINUE)" 

CALL - 756 

HOME 

FRINT "A FILE NAME MAY CONTAIN UP TO 30"8 PRINT 

FRINT "CHARACTERS STARTING WITH A LETTER"$ PRINT 
FRINT "THE FOLLOWING SIMPLE CODE IS SUGGESTED"’$ FRINT 
HTAE 43 FRINT "SeeeeeeSIGNAL DATA"’ FRINT 

HTAB 43 FRINT "Eeeoeee BACKGROUND DATA"$ PRINT 

HTAE 43 FRINT "Deooeee DIFFERENCE (SUBTRACTED VALUES)"$ FRINT 
HTAB 43 FRINT "ReeooeeesRAW DATA"$ PRINT 

HTAE 43 FRINT "Meeoeoeee+MEAN VALUES’ PRINT 

HTAE 43 FRINT "CooeeeeCALIERATION FILE"$ FRINT 

PRINT "START A FILE NAME WITH CODE LETTERS"$ FRINT 
FRINT "FOLOWED EY A LABEL'S PRINT 

INFUT "ENTER FILE NAME" 3FS 
GSi2r FS + eZ" 

REM FILE G$ HOLDS THE DATA COLLECTION PARAMETERS 

HOME 

VTAB 23 FRINT "ORIGIN OF DATA TO BE SAVED? -"$ PRINT 
HTAB 43 FRINT "1. IN THE INFUT BUFFER’: PRINT 

HTAB 4% FRINT "2. BACKGROUND RAW DATA FILE"$ PRINT 
HTAB 4:3 PRINT "3. ANALYTE DATA MEANS FILE"’$ PRINT 
HTAB 43 FRINT "4. BACKGROUND DATA MEANS FILE": PRINT 
HTAB 43 FRINT "S. THE SET OF DATA THAT HAS JUST EEEN" 
HTAE 7:3 FRINT “DISPLAYED ON THIS SCREEN OR ON AN"S PRINT 
HTAE 73 FRINT "OSCILLOSCOFE OR RECORDER": PRINT 

PRINT 

INPUT "ENTER1,2,3,4 OR S"3S$ 

HOME 

ON VAL (S$) GOTO 450,460,470,480,450 

REM B=START OF DATA,C=START OF CODE FILE,L=LENGTH OF DATA FILE 
REM CODE FILE IS ALWAYS 24 BYTES LONG 


B = 32768:C = 32513%L = 23043 GOTO 490 
B = 35072:C = 32550%L = 23043 GOTO 490 
B = 30976:C = 325743L = 1536: GOTO 490 
B = 29440:C = 32598:L = 1536: GOTO 490 


PRINT CHRS (4)3"BESAVE"SFS3",D2,A"SB3",L"L 
PRINT CHRS (4)3;"BSAVE"36$35",A"5C3",L24" 
PRINT CHRS (4);"BLOADTEST,D1" 

FRINT CHRS (4)3"RUNDRS" 
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SEL7 displays the data stored in the input buffer on an 
oscilloscope, array by array. The oscilloscope should be 
switched to inverse polarity. The program requires that the 
digital to analog converter located in the start pulse 
indicator box be powered. The DAC is wired four bits higher 
on the interface board than the data in the buffer. 
Consequently MC12.OBJ0O is used to move all the data in the 
buffer 4 bits higher at the start of the display and 
MC12B.OBJO moves the data 4 bits lower at the end. 

Program MC12A.OBJ0 is the display program. It uses a 
software generated strobe to enable the latches feeding data 
to the DAC and generates a trigger for the oscilloscope by 
means of two successive software operations. The strobe and 


trigger come from the Apple through the game I/O connector. 
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10 HIMNEM?: 29439 

20 REM FROGRAM xxXSEL7x«x 

SOle HOME 

40 FRINT "THIS OFTION DISFLAYS THE DATA STORED IN"$ FRINT 

[0 FRINT "THE INFUT BUFFER ON AN OSCILLOSCOFE'’ FRINT 

60 FRINT "THE ARRAYS ARE DISFLAYED SINGLY" FRINT 

70 FRINT 'oKo>KoK OK OKOK KOK K KOK KOK KKK KKK OK KKK KOK OK OK KK! 

80 PRINT CHR# (4)3"ERUNMC12.06J0,D1" 

90 REM SHIFT DATA IN THE BUFFER 4 BITS HIGHER 

100 FRINT 

110 FRINT "THE DISPLAY FOR EACH ARRAY WILL CONTINUE"’ FRINT 

120 PRINT “UNTIL ANY KEY IS DEFRESSED"$ FRINT 

130 INFUT "ENTER ARRAY # (IF 35 IT RETURNS TO MAIN MENU)D"3$I 

140 REM CONNECT DAC LINES TO ALL FE OUTFUTS AND UFFER 4 FA OUTFUTS 
HOO sires to! THEN) 260 

160 HOME 

170 INVERSE ¢$ FRINT "TURN ON THE D/AC FORER SUFPFLY EY FUTTING THE SWITCH AT THE 
EACK OF THE GREY EOX IN THE UF FOSITION'’ FRINT 

TCO RENT “FUT SELEC RSW TD iCHeEN SSCOERE SEOST TLON ERENT 

190 NORMAL 

200 FRINT 

210 A = 327683E = 7683C = 1Z28:D = A + I xX CSE = D + ESF = 256 

Boe eINT (Dee Fo) Di =) De DHexer ENS =— INT <E 7 FISEL = & — EH x F 

Zou mIROKE S8Z26z22 Dik: FOKE SZéca, Diver OKE 132624,,EE. ROKE S2625,EH 

240 REM THE START ADDRESSES FOR THE DATA TO EE DISFLAYED 

250 PRINT CHR¢ (4); "BERUNNC12A.0BJN0" 

260 REM RUN THE DISFLAY FROGRAM 

2/0 GOT OSL 010 

280 FRINT CHRE (4)3;"BRUNMCIZE.OBUO" 

290 REM SHIFT DATA IN THE EUFFER 4 BELTS LOWER 

SUC REND TCHS 8G4) SRUNDRS:: 

SOURCE FILE: MC12 

eco or oe NEXT OBJECT FILE NAME IS MC12.0EJ0 

92003 1 ORG $9200 

9200: 2 xP ROGRAM TO SHIFT 12 BITS OF DATA 4 EITS HIGHER 

92003AZ2 00 3 LDX #900 

92023A0 04 4 ERI LDY #404 $LOAD THE NUMEER OF SHIFTS TO BE MADE 

920431E 00 80 S ER2 ASL $8000,X $SHIFT LOW EYTE ONE BIT 

92073 & xTO THE LEFT AND FUT THE MSE INTO THE CARRY FLAG 

920733E 00 83 Ti ROL $¢8300,X S$SHIFT THE HIGH EYTE ONE EIT 

920A: 8 «TO THE LEFT ANDFICK UF THE CARRY INTO THE LSE 

9Z20A31E 00 81 9 ASL $8100,X 

920D:3E 00 84 10 ROL $8400,X 

C20 ser 00) SZ ii ASL $€$8200,X 

921333E 00 85 Z ROL $8500,X 

9216388 eS DEY s;DEGREMENT THE SHIFT COUNTER 

9217:D0 EE ibe) ENE ER2 s;SHIFT AGAIN IF NECESSARY 

92193CA iS DEX 3CHANGE TO THREE NEW DATA FOINTS 

921A:D0 ES 16 ENE ER1L 

9210360 U7. RTS s;EACK TO BASIC 
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SOURCE FILE: 


C400; 
92003AD 
92033 
9203:38D 
92063AD 
92093 
9209°8D 
920C3AD 
920F 3 
920F 38D 
92123AD 
92153 
9215:38D 
92183 


921B83AD 5S 
921B3AD S 


G2i£s 

921E3A9 
P2203 8D 
9223:38D 
92263AZ 
92283 

9228°3ED 
922E38D 
PZZE TED 
9231°8D 
9234: AD 
92373CA 
9238310 
923A% 

923A3AD 
923D:30 
923F 2 4C 
9242°AD 
92455 


9245360 


SOURCE FILE? 


9200°A2 
9202°A0 
920435E 
92073 

920737E 
920A$ 

920ASSE 
FzZ0D37E 
921035E 
9213;7E 
9216388 
9217:D0 
92193CA 
921A3D0 
9210360 


MC12A 
NEXT OBJECT FILE NAME 


DONA UW AWNeH 


MC12E 
NEXT OEJECT FILE NAME IS 


SLG 


IS MC1i2ZA.0BJ0 
ORG $9200 


KOUTFUT TO OSCILLOSCOPE 
XENTER STARTING ADDRESSES FOR DATA FOR INDIVIDUAL ARRAYS 
PORT EQU $C400 sLAEEL THE INFUT OUTFUT SLOT 
LDA $7F6E sLOAD THE LOW BYTE OF THE 
*XADDRESS OF THE LOW EYTE EASE ADDRESS FOR THE ARRAY DATA 
STA ADD1I+1 +WRITE IT FORWARD IN THE F'ROGRAM 
LDA $7F6F sLOAD THE HIGH BYTE OF THE 
KADDRESS OF THE LOW EYTE EASE ADDRESS FOR THE ARRAY DATA 
STA ADDI+2 sWRITE IT FORWARD IN THE F'ROGRAM 
LDA $%7F70 sLOAD THE LOW EYTE OF THE 
*xXADDRESS OF THE HIGH BYTE BASE ADDRESS FOR THE ARRAY DATA 
STA ADD2+1 sWRITE IT FORWARD IN THE FROGRAM 
LDA $7F71 »LOAD THE HIGH EYTE OF THE 
*xADDRESS OF THE HIGH BYTE BASE ADDRESS FOR THE ARRAY DATA 
STA ADD2+2 sWRITE IT FORWARD IN THE F'ROGRAM 
*XTRIGGER THE SCOFE WITH A SOFTWARE GENERATED STROBE 
BR2 LDA $CO0OSE 
LDA $CO0SA 
xSET DDRAS FOR ALL OUTFUTS 
LDA #$FF 
STA FORT+$12 
STA FORT+$13 
LDX #€$7F ;SET UF FOR 128 DIODES 
*xREAD AND THEN OUTFUT LOW AND HIGH BYTES 
ADD1 LDA AAAA,X 
STA FORT+$11 
ADD2 LDA #AAAA,X 
STA FORT+$10 
LDA $C040 s;NEGATIVE STROBE TO ENABLE THE LATCHES 
DEX 
EFL ADD1 
*xLOOK FOR KEYEOARD INPUT TO END CYCLING 
LDA $#$C000 
EMI ERS 
JMF ER2 s TRIGGER AGAIN 
ERS LDA $C010 
*EACK TO EASIC FROGRAM 


RTS 


MC12E.0EJ0 


ORG $9200 
KF ROGRAM TO SHIFT 12 BIT VALUES 4 BITS LOWER (REVERSE OF MC12 
LDX #900 
ER1 LDY #€$04 ;LOAD THE NUMBER OF SHIFTS TO EE MADE 
ER2 LSK $8300,X ;SHIFT HIGH BYTE ONE EIT 
*xTO THE RIGHT AND FUT THE LSE INTO THE CARRY FLAG 
ROR $€8000,X SSHIFT LOW EYTE ONE EIT 
*xTO THE RIGHT AND FICK UF THE CARRY INTO THE MSE 


LSK $€8400,X 

ROK $8100,X 

LSK $€8500,X 

ROR $8200,X ate 
DEY ;DECREMENT THE SHIFT COUNTER 

ENE ER2Z ;SHIFT AGAIN IF NECESSARY 

DEX s$CHANGE TO THREE NEW DATA FOINTS 
ENE ERI 

RTS sBACK TO BASIC 
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SEL8 is similar to SEL7 except that the output rate of 
the data values is slowed down to suit the response speed of 
a chart recorder. The data output rate can be altered by 
the user. If the buffer values are the result of a 
subtraction, there will be some values below zero because of 
noise. These values appear in the data as having high 
values in the most significant nibble of the high byte. 

This makes a mess of the output. 

MC21.0BJ0 allows the addition of an offset value to 
bring all data values positive first. 

MC13.OBJ0 is the display program incorporating nested 


loops to slow down the output rate. 
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27437 
OGRAM «xSELBxx 


“THIS OF TION DISFLAYS THE DATA STORED IN"? FR 
"THE INFUT BUFFER ON A CHART RECORDER’ FRINT 
"THE ARRAYS ARE DISFLAYED SINGLY": 
SUOOOOOROOK OK IO OIOIOK OOK OOK OOK OK OK KOK KK! 


FRINT "IN FOINTS FER MINUTE" 
40 GOTO 90 
Beoes > aN by Sy 7 LOL? oko) 


wy ee ef 


« 
@ 


PRINT 


FRINT 


FRINT "ENTER RECORDER RESF'ONSE SFEED" 


INT 


¢ FRINT “MINIMUM 40"3 INFUT L 


FOKES THE VALUE FOR THE INNER LOOF COUNTER INTO 


CRATCHFAD MEMORY 
"IF EUFFER IS LOADED ENTER 1" 


¢ FRINT "IF DATA IS ON DISKETTE ENTER 2" 


AS 
AL (At) GOTO 240,190 
OAD THE EUFFER FROM A DISK 
"ENTER FILE NAME" 3F$ 
$ + 7AM 


CHRS (4)3"ELOAD"S3FE3",D2,A$8000" 


CHRE (4);"ELOAD"$G6$3",AS$7F 01 
CHRE (4)3"ELOADTEST,D1" 


= FRINT U2 DATA, TS THE RESULT OF “A” 


SSUETRACTION ENTER) IS 
Se FRINT SIF NOT THEN CENTER 2 
$ INFUT ES 

AL (E$) GOTO 330,370 


REM IF A SUETRACTION WAS USED NOISE WILL CAUSE SOME NEGATIVE 
REM VALUES TO BE IN THE BUFFER AND THIS CAUSES A DISASTER 


REM TO FREVENT THIS ADD AN OFFSET VALUE TO THE EUFFER DATA 


"ENTER DEF SET 2, 105255. —5 > 
H 
32628,H 
CHR (4); "ERUNNC21.06JN0" 
CHR (4)3"ERUNNC1I2.06JN0" 


REM SHIFT DATA IN THE BUFFER 4 BITS HIGHER 
INFUT "ENTER ARRAY # (IF =S IT RETURNS TO MAIN MENU) "31 


10 HIMEM: 
20 REM FR 
30 HOME 
40 PRINT 
50 FRINT 
60 FRINT 
7 OL CERINT 
80 FRINT 
90 FRINT 
PCS Ir 
110 FOKE 
a 70 REN 
130 REM S 
140 FRINT 
150° PRINT 
160 INFUT 
a7 Or ON” OV 
860 REM OL 
Sr Al Vira’ 6 1 
200 G% = F 
210 FRINT 
220 FRINT 
Rov mL 
74GB GO de Wg 
a Ole EPL 
260 FRINT 
270" FRINT 
280 ON V 
290 OE RINT 
300 
310 
320 
330._~ FE RINT 
340 INPUT 
320.) FOKE 
360 FRINT 
370 FRINT 
380 
390 
S00: LE 1 
410° HONE 
ax INVER 
BACK 
430 FRINT 
440° FRINT 
450 CALL 
460 A = 32 
470 DH = 
£860. FOKE 
490 FRINT 
500 FRINT 
2205) REM O 
520 GOTO 
530 FRINT 
540 


390 


> S&S THEN 530 


318 


SE $ FRINT "TURN ON THE D/AC FOWER SUFFLY EY FUTTING THE SWITCH AT THE 


= 796 


OF THE GREY EOX IN THE UF FOSITION''S 
“PUT SELECT, SWITCH IN RECORDER, FOSTTION'¢ 
"PRESS SPACE BAR TO START": NORMAL 


76B83E = 76B3C = 128:D = A+ I x C3 


INT (D 7 F)SDL = DO -— DH’ * FLEW 
32622,DL:$ FOKE 32623,DH: FPOKE 


CHR (4)3"ERUNMC13.0EJ0" 
UTFUT THE DATA TO THE RECORDER 
390 

CHRE (4)3;"ERUNMC12E.0BJN0" 


3 


FRINT 


REM SHIFT DATA IN THE BUFFER 4 BITS LOWER 


FRINT 


CHR (4)3"RUNDRS" 


$ FOKE 


FRINT 


32625, 


“a An, a 
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SOURCE FILE: 


92003 

92003A2 
9202318 
92033BD 
920636D 
920°39D 
920C3ED 
Urs Oo. 
921139D 
Fae 1.6 
92153ED 
921836D 
yaks 7D 
9OZ1E SED 
9221369 
922339D 
9226318 
\ Aare’ ee =1 0) 
922A%6D 
922D39D 
9230°ED 
F233. 6" 
vps rae B AB) 
9238:CA 
923° :D0 
923E360 


MC21 
Sg ahaa NEXT OBJECT FILE NAME IS MC21.0EJ0 


DONOUDWNY 


ORG 


$9200 


3a9 


xFROGRAM TO ADD AN OFFSET VALUE TO THE INFUT BUFFER DATA 


xVALUES FRIOR TO FLOTTING ON A CHART RECORDER. 


BASIC 


xP ROGRAM HAS FREVIOUSLY FOKED THE OFFSET VALUE INTO 


*xADDRESS 


ER1 


$7F74 (32628) 


#$00 


$8000,X 
$7F74 
$8000,X 
$8300,X 
#300 
$8300,X 


$8100,X 
$7F74 
$8100,X 
$8400,X 
#$00 
$8400,X 


$8200,X 
$7F74 
$8Z00,X 
$8500,X 
#$00 
$8500,X 


ER 1 


ZERO COUNTER 

sCLEAK CARRY FLAG 

s;LOAD DATA LOW BYTE 

s;ADD THE OFFSET 

;STORE THE SUM 

3;LOAD DATA HIGH EYTE 

s;ADD THE VALUE OF THE CARRY FLAG 
STORE AGAIN 


;DECREMENT COUNTER 
3GO ROUND AGAIN IF NOT FINISHED 
s;RETURN TO BASIC 


BE Au: 


a ike i i ul 
c+ “> 
Sins ier 
fy i a 
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SOURCE FILE$ 


9203°8D 
92063AD 
92093 

920938D 
920C3AD 
920F % 

920F $8D 
92123AD 
92153 

921538D 
9Z1B3AP 
921A38D 
921D:8D 
9220 3AZ 


Sizes 


92223ED 
922538D 
9228 °ED 
922E38D 
922E 2 AD 
92313 

92313 

9231 3A9 
923338D 
92363A0 
9238318 
9239 3AP 
923E318 
9230369 
923E.348 
923F $68 
9240348 
9241368 
9242Z23CD 
92453D0 
9247 3C8 
9248 3CC 
924E3D0 
924DiCA 
GZAEZ 10 
9250360 


7F 


Cw 


ZF 


MC13 
NEXT OEJECT FILE NAME IS MC13.0EUJ0 


ODONOUWDWNH 


320 


DATA FOR INDIVIDUAL ARRAYS 
sLABEL THE INF UT/OUTFUT SLOT 
sLOAD THE LOW BYTE OF THE 


THE LOW EYTE EASE ADDRESS FOR THE ARRAY DATA 


*WRITE IT FORWARD IN THE FROGRAM 
sLOAD THE HIGH EYTE OF THE 


THE LOW EYTE EASE ADDRESS FOR THE ARRAY DATA 


s;WRITE IT AHEAD IN THE FROGRAM 
s$LOAD THE LOW EYTE OF THE 

EYTE BASE ADDRESS FOR THE ARRAY DATA 
s;WRITE IT FORWARD IN THE F'ROGRAM 
»LOAD THE HIGH BYTE OF THE 


THE HIGH BYTE BASE ADRESS FOR THE ARRAY DATA 


s;WRITE IT FORWARD IN THE F'ROGRAM 


>;SET UF FOR 128 DIODES 
LOW AND HIGH EYTES 


ORG $9200 
xOUT PUT TO CHART RECORDER 
*ENTER STARTING ADDRESSES FOR 
FORT EQU $C400 

LDA $7F6E 
“ADDRESS OF 

STA ADD1i+1 

LDA $7F6F 
*XADDRESS OF 

STA ADD1+2 

LDA $7F70 
“ADDRESS OF THE HIGH 

STA ADD2+1 

LDA $7F71 
*xADDRESS OF 

STA ADD2+2 

LDA #$FF 

STA FORT+$12 

STA FORT+$13 

LDX #$7F 
*XREAD AND THEN OUTFUT 
ADD1 LDA #AAAA,X 

STA FORT+$11 
ADD2 LDA #AAAA,X 

STA FORT+$10 

LDA #$C040 


s;NEGATIVE STROGE TO ENABLE THE LATCHES 


KENTER DELAY LOOF TO SUIT THE SLOW RESFONSE OF THE RECORDER" 
*LOAD THE NUMBER OF CYCLES IN THE INNER LOOF’ 


LDA 


#200 
$7F72 
#$00 
#200 


#$01 


S7E7Z 
ERS 


$7F73 
ER4 


ADD1 


$ZERO THE INNER LOOF CYCLE COUNTER 
sENTER THE OUTER LOOF 


sENTER THE INNER LOOF' 


s;WASTE SOME TIME 


s;END OF INNER LOOF CYCLE 

s;COUNT THE INNER LOOF CYCLE 
s;COMFARE TO THE REQUIRED NUMEER 
SCOMBLETE DELAY CYCLE 


sFETCH ANOTHER DATA FOINT 
sEACK TO BASIC 
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SEL9 lists the data values array by array and allows 
them to be printed out. All values are given in voltages. 

SEL10O pair averages the input buffer turning 128 data 
points into 127 two point averages. The program is useful 
to reduce the odd-even pattern before displaying the data 
values. 

MC20.0BJ0 carries out the averaging in machine code. 
The effect is shown in Figure 59. 

SEL11 calculates the peak height against a selected 
background calculated from off-peak diodes. The background 
selection used depends upon the quality of the observed 
background. It calculates standard deviations of the 
background and the signal to noise ratio based on the 
background variability. It also calculates the peak height 
in terms of volts per second of integration time. The 
program will hang if a single off-peak diode is used as a 
background value. 

SEL12 calculates concentrations from peak heights using 
data obtained from calibration standards. Concentrations 
are calculated by linear interpolation (or extrapolation) 


from two calibration standards, one of which may be zero. 
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HIMEN. 629439 
REM FROGRAM XxSEL9xx 
REM THIS OF TION LISTS THE DIODE DATA VALUES FOR A SINGLE ARRAY. 
REM IT ALSO ALLOWS A FRINTOUT OF THE VALUES 
HOME - 
FRINT "THIS OF TION DISFLAYS VALUES AS VOLTAGES" 
PRINT 
FRINT 
FRINT "DATA CAN EBES- 
FRINT “1. SINGLE RUN IN THE INFUT EUFFER" 
PRINT 
PRINT 
FRINT "2. SINGLE RUN IN THE BACKGROUND DATA" 
HTABSA: FRINT. “FILE” 
FRINT 
FRINT "3. SUETRACTED MEAN VALUES STORED" 
HTAE 43 FRINT "IN THE INFUT EUFFER'"' 
FRINT 
FRINT "4. ANALYTE SIGNAL MEANS" 
PRINT 
FRINT "S. BACKGROUND MEAN VALUES" 
PRINT 
FRINT "6. FROM A DISKETTE IN DRIVE #2" 
PRINT 
DNEUI CENTER Dy Zi Siti ORMGne nase 
ON VAL (E¢) GOTO 280,290,300,310,320,330 
REM F=EASE ADDRESS FOR THE GAIN CODES AND G= EASE ADDRESS FOR THE DATA 
32525:G = 32768: GOTO 400 
325623 35072: GOTO 400 
3292946 32768; GOTO 400 
Z2586:G 30976; GOTO 400 
32610:G = 29440: GOTO 400 
INEUT CENTER ree EC ReiNGh Egemias bas 
REM LOAD FROM DISKETTE TO INFUT BUFFER 
Gte= ht. + SZ 
FRINT CHR (4);"ELOAD" 3F$3$",D2,A$8000" 
FRINT CHRS (4)3;"BLOAD"$G$3",A$7F01" 
FRINT CHRE (4);"ELOADTEST,D1" 
F = 325253G = 32768 
H = 163F = 4096:D = 2563E = 7682M = 13K = 128 
INFUT "ENTER ARRAY # "351 
J= PEEK (PF tl) Ske], INT C357 HREM RETAIN UPFER 4 EITS ONLY 


sul alsa! alu) 
[Me ae tue ty 
fieitU er He ttiet 


Peete LN CK 4 eee 

IF L-= 0 TREN EB =95 

TF L =c1 THEN EG = 1 

ITF E22. TREN Be = Cea 

oP le = 3° THEN B= 0a 
C2003 IF Koo 0S THEN Gi=. ce 


GQ = (BE = C) 47°F REM VALUE GE LSE 
PRINT “CHOOSE” 
HTAE 43 FRINT "1. SELECT A GROUP OF DIODES (MAX 23)"%8 FRINT 
HTAE) 43 FRINT "2. DISFLAY ALL DIODES.USE CONTROL S"$ FRINT 
HTAE 73 FRINT "TO STOF DISPLAY TO READ": FRINT 
INPUT “SELECT 2 'OR 2. “3A$ 
ON VAL (A$) GOTO 560,610 
PRINT = INFUT “ENTER € OF FIRST DIODE "tw 
FRINT ¢ INFUT "ENTER # OF LAST DIODE "SV 
IF V - W > 22 THEN FRINT 3"TOO MANY FOR THE SCREEN" GOTO S60 
GOSUE 630 
GOTO 740 
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610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 


W 


U 
S 


T 


= 1:°V 
GOTO 7 


= 128 
40 


$ GOSUE 630 


FRINT "ARRAY # "31 


FOR J 
=k - 
= FE 

1S oy ae 


= W TO 
J3N = 


V : 
G+I*« R30 


EK (N + U) + D & 


Po- M 


THEN S > =7S 


=EN+E 
FEEK GO) i+ 
- Dx D 


REM CORRECT FOR VALUES BELOW ZERO 
=$ x Q+ CiT = INT (T 
REM CALCULATE THE VOLTAGE AND ROUND OFF TO 5 
SUE iste: rare tligs aCe 


FRINT 
NEXT J 
RETURN 
CALL 

FRINT 
HTAE 4 
HTAE 4 
HTAE 4 
HTAE 4 
INF UT 


FRINT 
PRINT 
PRINT 


= 87 SGX 


HOME 


SELECT. =. ARR LNG 


2 PRINT "4. 
2 PRINT "2. 


$ FRINT "3. ANOTHE 


¢ PRINT "4. 


"ENTER 1,2,3 GR 4 
ON VAL (E¢) GOTO 820,410,90,830 


CHR$ 
CHR 
CHR $ 


(4) $"RUNDRS" 
C4) $"P RAL" 
(4) 3°PREO"S 


eo “<5 


TS" 


RL Ess 


"SES 


GCOSUE 630 
GOTO 740 


U) 


Sewioi/. ANT ORO ne 1S) 


RETURN TO MAIN MENU'S 
ANOTHER ARRAY ''$ 


PRINT 
FRINT 


MAKE A FRINTED COFY"S 


FRINT 


FRINT 


DECIMAL FLACES 
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10 HIMEM: 294393 HOME 

2 REM FROGRAM XxSEL10xx 

30 FRINT "THIS OF TION FAIR AVERAGES THE INFUT" 

40 FRINT "BUFFER. DIODE N AND DIODE N+1 ARE" 

30 FRINT "AVERAGED AND STORED AS DIODE N." 

60 FRINT "THIS MEANS THAT ONE SIGNAL IS LOST" 

70 FRINT "FER ARRAY. IGNORE THE 128TH VALUE" 

SUP INVERSE 3 FRING ©. “PRINT? THE CONTENTS OF THE INPUT BUFFER “ 
90° FRINT "WILL BE LOST .IF NECESSARY. ABORT " 

100 FRINT "THIS OF TION AND SAVE IT ON DISKETTE " 

2r0 oF RINT PRINT 

120 NORMAL $ FRINT “IS BUFFER ALREADY LOADED?" 

Pee ERIN OTYFPE CLOLE YES, (20 IF NOT 

140°" INFUT Z 

gages Lea z =" SoZ THEN: “GOTO? 210 

160 INFUT "LOAD FILE FROM DRIVE 2, ENTER FILE NAME "3F$ 
BAPE Ste = FS iF it Zatt 

180 FRINT CHRS (4)3;"ELOAD";F$3",D2,A$8000" 

190 FRINT CHRS (4)3;"ELOAD"36$3", A$7FO01" 
ZGve PRINT TCHRS$ C4) ;CELGADTEST,»Di" 

220 PRINT “3 ‘PRINT “PRESS SPACE "EAR TO *CONTINUE” 

oe CAG = 7.46 

230 PRINT 

240 FRINT CHR# (4)3"BRUNNC20.0BJ0" 

2u0- FOR I/= 0°T0 S36 = I *° 1283) FOKE "32895 + E,0° FOKE 33663 + 6,0 
260 PRINT CHRE (4)3;"RUNDRS" 


SOURCE “FICE 
NEXT OBJECT FILE NAME IS MC2Z20.0E6J0 


9200; 
9200%3A2 
92023 
9202318 
9203°3ED 
920637D 
920939D 
920C$ 
920C3ED 
920F 37D 
9222393 
92153 
92153 
921s 
PZ1E37E 
921E318 
921C3ED 
921F 37D 
222°9D 
2253ED 
9228:37D 
922E°9D 
92ZE 3 SE 
S255 7E 
9234318 
92335 -ED 
9238:7D 
923E39D 
923E3ED 
G2AF.7D 
924439D 
9247 sok 
924A37E 
924D°E8 
924E3D0 
9250360 


00 


MC20 


324 


$ NEXT 


1 ORG $9200 

2 xFROGRAM TO FAIR AVERAGE THE INFUT EUFFER 

3 LDX #800 s;SET INDEX TO ZERO 

4 xADD THO EYTE TOGETHER 

S EBR1 CLC ;CLEAR THE CARRY FLAG 
80 é LDA $8000,X ;LOAD LOW BYTE OF A DATA FOINT 
80 7 ADC $¢8001,X ;ADD THE LOW BYTE OF THE NEXT 
80 8 STA $8000,X s;STORE AS THE LOW EYTE OF THE ORIGINAL 

9 KDATA FOINT 
83 10 LDA$8300,X ;LOAD THE HIGH EYTE OF A DATA FOINT 
83 11 ADC $8301,X ;ADD THE HIGH BYTE OF THE NEXT 
83 z STA $8300,X s;STORE AS THE HIGH BYTE OF ORIGINAL 

13 *xDATA FOINT 

14 «xAVERAGE THEM 
83 13 LSK $8300,X s;DIVIDE BY TRO 
80 16 ROR $¢€8000,X 

17 CLC 
81 18 LDA $¢8100,X 
81 ey ADC $8101,X 
81 20 STA $8100,X 
84 a1 LDA $8400,X 
84 22 ADC $8401,X 
84 23 STA $8400,X 
84 24 LSK $8400,X 
81 29 ROR $8100,X 

26 CLC 

Zz a7 LDA $¢8200,X 

B2 28 ADC $8201,X 
82 29 STA $8200,X = 
85 30 LDA $8500,X 
85 31 ADC $€8501,xX 
85 2 STA $8500,X 
85 33 LSK #€8500,X 
82 34 ROR $€86200,X 

35 INX ; INCREMENT THE INDEX 

36 ENE ER1 ;D0 SOME MORE AVERAGING 

37 RTS sBEACK TO BASIC 
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20, HIMEMS 294393 HOME 

20 REM FROGRAM &xKSEL11«x 

30 REM CALCULATE FEAK HEIGHT AGAINST SELECTED BACKGROUND VALUES 
S08 Die V1Ci2Z),B1 C12) 

90 GOTO 190 

60 REM DECODE THE INTEGRATION TIME 

Beetip=@ 2FEEK (F +, 1 471) '*+7 Doe  PERKOCE + I +. I + C)3k = Hos P 
80 REM DECODE THE GAIN CODE 

20a) £neinTact PEEK <(F #\L +°1))-7 ©) 


100 N=J ONT Ades ko 

230 Iy Ny => OeTHENC Ose: S$ 

12 TGeN==" t= THEN. O =i4 

$30 TEeNe=«2y THEN, Os] O55 

S40 TE Nete 3, THEN,O = 002 

250 Q.=,0%) IPod so3) TREN .R sar= O 


PooKe=.(0 - Q) 7-5 

$70 REM. THEs VALUE OF . THE &SE 

180 RETURN 

190 & = 768:3C = 13D = 2563E = 168L = 123M = 43F = 3.1289E - 33S = D x EtT = 1283 
T1,= 4095 

200 FRINT "THIS OFTION OETAINS A DATA VALUE"’ FRINT 

210 FRINT "FROM A FILE EY SUBTRACTING EACKGROUND"$ FRINT 
220 PRINT “VALUES FROM THE SAME FILE”: FRINT 

230 ERINT. 3. RRINT “THE;OATA IFILE CAN EBE"’ PRINT 

240 PRINT "1. IN THE INFUT EUFFER AS A SINGLE RUN" 

2p -BRINT .” OK AS MEANS" 

260 FRINT $ FRINT “2. IN THE ANALYTE MEANS FILE”$ FRINT 
270 FRINT "3. :ON*A DISKETTE IN ORIVE € 2” 

Zen, YINZOT “ENTERS IT ¢2 ORS. “SES 

290 REM LOCATE THE DATA FILE 

300 ON VAL (ES) GOTO 390,310,330 

310 F = 325743G = 30976: GOTO 400 

220 2REM LOAD FILE FROM DISKETTE 

330  SNRUTS ENTER PICE NAME « OSkS 

B40, Cees FeajtetZ 

350 FRINT CHR (4)3;"ELOAD"3F$3;",D2,A$8000" 

360 FRINT CHR (4)3"ELOAD"$69%3",AS7F01" 

370 PRINT CHRS (4)3"ELOADTEST,D1” 


380 Ni = 8 
390 F = 32513:G = 32768 
400 FRINT 


AOig FRENTW $eeF RENT co PRINT (0 <=——e— sme << nama 6 ae Sea SSeS a= == ML 
420 FRINT “THE METHOD DEFENDS ON THE BACKGROUND" 

430 FRINT ¢$ FRINT "1. WHERE THE BACKGROUND LEVEL IS FLAT"$ FRINT 

440 FRINT "2. WHERE THE EACKGROUND IS FLAT " 

450 HTAE SS: FRINT “BUT ODD EVEN FATTERN IS SERIOUS" 

460 PRINT "3. WHERE A SFECIAL BACKGROUND " 

470i, HTAB OS? FRIND SUS TOBE USED” 

480 PRINT 

490 INFUT "ENTER CORRKESFONDING NUMBER ";A$ 

500 REM SELECT THE TYFE OF BACKGROUND AVAILABLE 

510 INFUT "ENTER ARRAY # 0 TOS “31 

S20 NE? meGrt Wakes bo = nb 2) aE 

S30)s PRINWS LhekicseS GOTO yS1 0 

540 jINFUT "ENTER DIODE #0F FEAK 1 TO 128 "3A 

350 GOSUE 60 

S60¢U =i ASV BS PEEK KG Th ee + 4D) +7 DFR) EEK C4 Bic Tr xo + UD 
57.0) @. IT RSVeSs Ti PHENGU =e <= Di ok 1D 

580 ON VAL (A$) GOTO 590,650,710 

590 €1(0) = A -— 11861¢(1) = A - 10361¢2) 


= AJ=. 7. ELCs =. hoK 6 
600 £1¢4) = A + B3B1(5) = A + 9IE1(46) “ 


A 103B1(7) = A + 11 


ae 


a 
‘ Stee] nM 


St aes sowie <a — 
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ee 3% at 


. 
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Tea | Sue ated a SRTATEO wox740 
wx ‘onions ihe 


tera. 2 ae aa air 
“1 TIE WBA Aiea 


“UAB BAS 
rep 2° RIT aan zea BAT Me: a” TH : 
re ¢ avi bd wr 3tTaNero A.W 
aay" _. Rohe 
ae wree 


iasv oa 


- = 9% ec 7 
br sr6i & ~* 


610 Ni = 8 

620 GOSUE 950 

630 GOSUE 830 

640 GOTO 1040 

650 B1(0) = A - 1438101) = A - 123B1(2) = A - 10361(3) = A - B 
660 £1(4) = A + BIE1(S) = A + 1036106) = A + 123B1(7) = A + 14 
670 Ni = 8 

680 GOSUE 950 

690 GOSUE 830 

700 GOTO 1040 

710 FRINT "ENTER DIODE #’S OF BACKGROUND" 

720 FRINT "UF TO 12 NUMEERS EACH ONE FOLLOWED EY A RETURN" 
730 FRINT “AFTER LAST DIODE NUMBER ENTER ’END‘" 

740 INVERSE ¢ FRINT "FROGRAM NEEDS AT LEAST 2 VALUES"’$ NORMAL 
750 REM IF ONLY ONE VALUE USED THE FROGRAM WILL HANG 

760 Ki = 0 

770 INFUT AEG? IF AES = "END" THEN GOTO 790 

780 B1CK1) = VAL CABS) 3K1 = K1 + 13 GOTO 770 

TIORNIT = Kt 

800 GOSUE 950 

810 GOSUE 830 

820 GOTO 1040 

830 REM SUEROUTINE TO CALCULATE MEAN AND SD 

SAU REM meVALUR See EN a Vii Giiz) 

6560 -REM NO. OF VALUES IN Ni 

860 REM RETURNS MEAN IN M1 AND SD IN G1 


®70 Ii = 0:J1 = 0 
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sic) 


SOte FOR VL = O-TO ND = 4 

Soi eels elt a Le) 

FOU MD Lee tat CVA 1) eA. 2 

SIG NEXT sled 

D 20mtt 1 see Bry. NI 

OSOmS 1) Se Bowne 31 c= CLI S205 7 NII CNS =i) 

940 RETURN 

950 REM SUEROUTINE TO FUT EACKGROUND DIODE VALUES INTO V1(12) 

960 KEM NUMBER OF VALUES IS IN NI 

970 REM FOSITIONS OF BACKGROUND RELATIVE TO FEAK IS IN &1¢12) 

980 REM RETURNS BACKGROUND DIODE VALUES IN V(12) 4 

O20] “FOR Ki- =) 0) TO Niv= «2 

1000 U1 =\T = BLCKLYSVICKL) = PEEK (Bh2.4,01) + D *® FEEK (BS + U1) 
1030 CF OVPCKE) S11 THEN VithKio = VECKi)y = Di sD 

P0260 NEXT Ki 

LOS0 RETURN 

1040 INFUT “ENTER TITLE” 3 CS 

1050 ERINT \.CHR? (4)5" FREI 

OCC ERENT eS 

LAY EINE E at 

1080 ~ FRINT>* “ARRAYE# "32 

JOSO7 SPRINT (DIODES 3A 

1100 FRINT " EACKGROUND METHOD ";A$ 

1110 REM VALUES ROUNDED OUT TO S&S DECIMAL FLACES 

LAZO ORE RENT OL or bake Millar s gi yee Ck taht eee Me es On Shee ee) es) COS Sie) 
1130 FRINT @INTECRATION TINE = 3K" SECONDS” 

£240) PRINT, “BACKGROUND MEAN. “FIN CCNL ex Kit2G)) ko 360 4g 4.5) 7 C10 (475) 
1150 PRINT " STANDARD DEVIATION OF BACKGROUND "3 INT ((S1 K R) xe 10 *% 7 + 
f NDOESS 72 

1160 FRINT " S/NR ee OL CVE 2 i / Los) Le ee a nares) fe Oak) 
L170 SPRING Sos se i ot (ORAS CU Ce ON) ey hoe ey On Ae od 7 C102. 788" VOR TSS PER 
SEC OF INTEGRATION" 

1180 FRINT $ FRINT 

1190 PRINT CHRS (4)3"PRE0" 


1200 


GOTO 20 


chs a ra yee 


! = 


an a “Osis t . a = catia a ty: . 


- pepe 
“GHD AIA “W's Ke. 
“epT3a & YO GIWDII9% BG Hoa 4 
<7 aus: HATS *#S3UM a 
eee la Teagi TA 209M maant 
aan 1a MAROON IBY Oey 


oe% OTRO «aur PINES 
aad onde tte 2m ate 


7s 


or ‘ea, 


td = EME S ahs: an ‘white 
Sh) 2V “F aausae anaes < 


(7 + £0) wage ou mee ce se “iat = ¢ 
Se Sa © ee, 


L “he 


en", COM 
annsa3a & ar 
is oe) \ 18. 4 2* O39 4104 Ut 


ma? df) \ (. * B - af « (6.9 
Me * V* 80 @ 48 8 £87 Tek ¢* 


co ot) \ (as 2 ae ~9ry3 mar 


salacnesni THT 
i i Tt 
ae BY. “bts 4 94) ves ¥ 


a eo es nari Me Sere 


HIMEM: 294393 HOME 
REM FROGRAM xxXSEL12«x« 


REM CALCULATE CONCENTRATIONS FROM FEAK HEIGHTS AND 


REM CALIERATION VALUES 
FRINT "THIS OF TION CALCULATES SOLUTION " 


FRINT $ PRINT “CONCENTRATIONS FROM VOLTAGE'$ FRINT 


FRINT “OUTFUTS BEY LINEAR INTERF'OLATION" 
= 13 FRINT 
INFUT "ENTER ELEMENT NAME. IF DONE ENTER DONE 
IF AS$(N) = “DONE” GOTO 200 
INFUT "ENTER HIGH STD CONC IN FFM "3X 
X(N) = X 
INPUT "ENTER HIGH READING IN VOLTS "3R 
RCN) = R 
INPUT “ENTER LOW STD CONC IN FFM “3$T$ 


REM IF NO ENTRY IS MADE FOR A LOW STD ZERO IS ASSUMED 


TC(N) = VAL (T$) 
INFUT “ENTER LOW READING IN VOLTS "32% 

Z(N) = VAL (Z$)3N = N + 13 GOTO 90 

G=N- 1% FOR N = 1 TO Gi FRINT N33" "ZASCNDS 
INFUT "ENTER SOLUTION NAME "SES 


PRINT CHR (4); "FRE1"$ PRINT ESS 

PRINT CHRE (49); "FRE0" 

aLNEUT “ENTER EEEMENT “4. "oN 

INFUT "ENTER READING IN VOLTS "3Q(N) 

Q = QCNDER = RONIST = TONDEX = XCNDEZ = ZN) 
MON) = 00K aT SOR ee eek 7, CR 02) 
REM CALCULATE THE CONCENTRATION 

PRINT “CHRS. ©4035 "FP REi 


PRINT A$(N)$" CONC = "3M(ND3" PRM" 
FRINT CHR$ (4)3"FR#0" 
GOTO 240 


"SAS CN) 


FRINT 


¢ 
¢ 


NEXT N 
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ARRAYSET is a BASIC program that produces a list of the 
useful lines for the elements to be considered in first, 
second and third sade The program lists them in spectral 
order over the range governed by the physical size and shape 
of the direct reader. The original source of the data is 
the tables published by Winge, Peterson and Fassel [43]. 
These have been entered on a disk as a series of text files 
by use of the program ELEMENTINPUT. The text files are 
labelled by the atomic symbol of the element and the number 
Of Lines» (oOf .aji.n3 jorders) listed. Lines not Listed in. the 
Winge tables are not included. 

The ARRAYSET program combines the text files into a 
dimensional array within a single text file and then order 
sorts them uSing QUICKSORTHIGH, a version of a fast machine 
code sorting program developed by Bongers [50]. 

The output for each line gives the order in sequence, 
the spectral position, the element and the symbol for ion or 
atomic line, the wavelength of the parent first order line, 
the detection limit from the Winge table in ppb and a number 
of stars corresponding to the order. 

The program has several options, allowing a printout of 
the, disting, and if required, information on the restrictions 
on the placement of the spectral windows due to the 


dimensions of the array and its carriage. 
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REM FROGRAM XXARRAYSET** TO HELF FOSITION THE ARRAYS 
INVERSE ¢ FRINT "WARNING "$ NORMAL 

FRINT "THERE IS A CHARACTER IN THIS FROGRAM'S FRINT 
REM THE DOS DOESN’T HANDLE THE AMF'ERSAND WELL 

FRINT "THAT THE D.O.S. CAN’T HANDLE" 


FRINT $ FRINT "SO FRESS CONTROL C AND RETURN" 
FRINT ¢ FRINT "AND TYFPES-" 

FRINT ¢ HTAE 10% FRINT "6408SQRG$" 

FRINT $ HTAE 10% FRINT "RUN" 

PRINT FRINT "IF YOU HAVE JUST LOADED IT" 


FRINT $ FRINT 
CLEAR 
D$ = CHRE (4) 
FRINT D$;"ERUNQUICKSORTHIGH" 
REM QUICKSORT IS NOT REPRODUCED FOR COFYRIGHT REASONS.SEE REF 50 
DIM C$(70) 
REM ALLOWS UF TO 70 SETS OF ELEMENTAL LINES 
I= 0 
BOR Ne=7i7To 70 
INFUT "ENTER ELEMENT FILE NAME (CENTER DONE IF FINISHED )"3C$(N) 
REM THE FILE NAME MUST BE TAKEN FROM THE DISK CATALOG 


IF C$(N) = "DONE" GOTO 260 

i ote a abe | 

NEXT N 

REM ENTER NUMBER OF ELEMENTS 
J=zl 
A = 0 

FOR iP =s1 ated 
At = CE$(F) 

REM SELECT ELEMENTALUF IEESIIN ORDER 
FORVR°o=P37TO TRSTERS =i 
E$ = RIGHTS (AS,R) 


IF VAL (ES) > 0 GOTO 360 
REM FINDS THE NUMEER OF LINES IN EACH FILE 
NEXT R 
A =A + VAL (E$) 
REM SUM ALL THE NUMEERS OF LINES 
NEXT F 
DIM G$(A) 
REM SET THE DIMENSION TO HOLD ALL THE LINES IN THE FILE 
are7 1 
FORE Seep tito 
REM DISFLAY THE ELEMENTAL FILE NAME 
A$ = C$(S) 
FRINT A$ 
FOR Tae SETOTISSTEFS Sit 
E$ = RIGHTS (A$,T) 
IF VAL (E$) > 0 GOTO 500 
NEXT T 
EF = VAL (B$) 
REM FIND THE NUMBER OF LINES IN THE FILE 
CRARI30 = CtEe = el 
FRINT CHR (4);"OFEN" 5 A$ 
REM OFEN THE MAIN TEXT FILE 
FRINT D¢;"READ" A$ 
FOR (c= /C210. 0 
INFUT G¢(T) 
REM PUT THE FILE LINES INTO THE MAIN TEXT FILE 
NEXT I 
FRINT D$;"CLOSE"$A$ 
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610 REM CLOSE THE MAIN TEXT FILE 

620 NEXT S 

630 REM CONTINUE 

6490 & SQR Gt 

650 REM RUN THE SORT PROGRAM 

660 GOSUE 680 : 

670 GOTO 720 

680 FOR I = 1 TO A: PRINT 23"  “36$¢1I)% NEXT I 

690 REM LIST ALL LINES IN SPECTRAL ORDER 

700 (CALL. — 756 

710 RETURN 

720 HOME 

730° PRINT “CHOOSES =< PRINT 

740 HTAE 43 FRINT "2. FRINT IT OUT"S FRINT $ HTAE 4% FRINT "2. FOSITION ARRAYS" 
$ PRINT 

750 HTAE 43 FRINT "3. MAKE ANOTHER SELECTION'’ FRINT 3: HTAE 43 FRINT "4. GOODEY 
Ee rituiNil) 

Vou INPUT “ENTER 1,253) OR 4A “Ze 

770 ON E GOTO 780,850,820,840 

780 FRINT CHRS (49)3;"FR#1"3 GOSUE 680 

790 REM FRINT OUT HARD COFY 

800 FRINT CHR$ (13)3 CHRS (4);"FR80" 

810 GOTO 720 

820 COTO 120 

830 REM CHOOSE ANOTHER SET OF ELEMENTS 

840 END 

BS HOME 

860 FRINT "AN ARRAY COVERS A SFECTRAL WINDOW OF 17" 

870 REM FROGRAM EXCLUDES UNAVAILABLE FOSITIONS 

880 FRINT ¢$ FRINT "“ANGSTROM UNITS." 

890 FRINT ¢: FRINT "ARRAYS CAN ONLY BE SFACED AT SFECTRAL"? FRINT 
900 FRINT "INTERVALS OF 250 ANGSTROM UNITS."$ FRINT 

910 FRINT “ACTUAL FHYSICAL FOSITION ON THE CIRCLE"’ PRINT ¢$ FRINT "WILL BE GIVE 
N ELSEWHERE'S FRINT 

ACE FRINT "ARRAYS ARE NUMEERED FROM 0 TO 5S" 

930 INVERSE $ FRINT “EE READY TO FRESS CTRL-S"’$ NORMAL 

940 F2 = 0 

930° (FOR G = 0. TO°S 

960 FRINT "ENTER SFECTRAL FOSITION ARRAY # "3G3 INFUT F 

970 FRINT CHR (4)3"PR#1"3 FRINT FS IF F < F2 THEN FRINT "IMFOSSIBLE TO LOCAT 
EE’? PRINT CHS €4)3,°RR80": GOTO 960 

O80 Fil F + 173F2 = — +) 250 

990 FRINT CHR (4)3"FR#0" 

S000 FOR T= 1 10.4 

1010 IF VAL (G$(I>) < F COTO 1060 

1020 IF VAL (G#$(I)) > FZ GOTO 1050 

1030 IF VAL (G4#(I)) > F1 GOTO 1060 


1040 FRINT CHR¢ (4)3"FR#1"$ PRINT "WINDOW "$I$" "“$G$(I)$ PRINT CHR$ (4)$"FR 
#0"3 NEXT I 
1050 FRINT I3" "“$G$(I) 


1060 NEXT I 

1070 NEXT G 

1080 FRINT CHR (4);"PRE#0" 
1090 GOTO 730 
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LINELOC calculates the position for the array carriage 
on the direct reader focal plane corresponding to a spectral 
value. 

ELEMENTINPUT is used to enter the information from the 
Winge table and creates the text files with up to 3 spectral 
orders for use with ARRAYSET. 

Due to the space occupied by the text files, the 
programs ARRAYSET, LINELOC and ELEMENTINPUT, and the text 
file library are stored on a disk other than that carrying 
the direct reader operating system. 

The program QUICKSORTHIGH is not reproduced for reasons 


of copyright. See reference [50]. 
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REM FROGRAM XXLINELOCxx TO CONVERT SFECTRAL FOSITION TO 
REM FOCAL FLANE FOSITION 

HOME $ PRINT "SPECTRAL LINE LOCATION ™ 

FRINT "FOSITIONS FOR THE RHS OF MOUNT" 

= 149.1776:CV = 4707.24 

= 58.8 - 
INFUT "ENTER WAVELENGTH REQUIRED IN ANGSTROM UNITS"3AV 
INFUT "ENTER SFECTRAL ORDER "3T 

AV x T 

(CV = AV) eT 118 7 30 4-6 

@TN (S 7 SQR CC - S&S * S + 179 
DxS+C 

FRINT CHR (4)3"FR#1" 

PRINT AV;"ANGSTROMS = "3G63"' CMS ON SCALE" 
FRINT CHR (4)3"FRE0" 

GOTO 70 

REM THIS GIVES A REASONAELE FIT 


4 
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REM FROGRAM XKXELEMENTINF'UTXxX TO ENTER SFECTRAL LINE INFORMATION 
CLEAR 
INFUT "ENTER ATOMIC SYMEOL "3A 
INFUT "ENTER NUMBER OF LINES";Q 
= Q * 3: DIM GE(N) 
arr = 1 TO Qt FRINT "ENTER LINE TYFE,WAVELENGTH IN AU,LIMITS IN FFE. 
FRINT "(TO END ENTER..+END,0,0) 
INFUT E¢,C%,D$ 
IF &$ = "END" GOTO 230 
FOR E = 1 TO 33F% = STRS (E x VAL (C$)) 
TE VAL. CFS). >) 76200. C070. 210 
ON E GOTO 140,150,160 
E¢ = "x"$ GOTO 170 
E$¢ = "xx"? GOTO 170 
= So © On 
F ¢ + oo oe + AG + iy on + ES + iy u + C$ + ih} oo + Dé + oe ii} + ES 


GOTO 360 

REM STORE LINE INFO IN A TEXT FILE 
Dt = CHRS (4) 

PRINT D¢;"OFEN';A$ 

FRINT D¢3"WRITE'Z AS 

FOR I = 1 TOM 

FRINT G$(I) 

NEXT I 

FRINT D$3;"CLOSE";AS 

M$ = STRS (M)SI¢ = AS + MF 
FRINT D$};"RENAME"SAG3", "31S 
RETURN 

GOTO 20 
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APPENDIX 7 
POWER SUPPLIES FOR THE SIX ARRAY SYSTEM 


The Apple computer came with a built in power supply 


that supplied:- 
TOP iVe tee CA 


TDs Vighus 2. us 
lee «Vagos apr 


Ze eee OU ek 


The power for the six RC1024S array control boards and 


Ghelr auxiliary (circuitry “pegquired:- 


+50 Veo 
A Sea yarese ON 


aD ON ples Ons 


These were supplied by a LAMBDA LOT-W5152A power 
supply. 

The 6 sets of Peltier heat pumps together required 6 V, 
12 A. This was supplied by two LAMBDA power supplies, an 


LCS=ce 01 and an LCS ‘C01. ..One ‘supplied power to’ 4 sets; 


ther Owner COZ. 


The integration timer circuit board, the digital to 


analog converter and the integration time indicator system 
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were powered off the +5 V, +15 V and -15 V supply from a 


HEATH DIGITAL POWER MODULE EU 801-11. 
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